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PREFACE TO THE SECOND EDITION. 



In this edition some changes and additions have been 
made, but the original plan of the book has been retained. 
In an appendix a few suggestions are given about the form 
of record to be kept by the student. Some hints are also 
given ta aid the student in writing the more difficult of the 
chemical equations. The endeavor has been made to keep 
the help given, strictly within the limits of what the student 
has a right to expect at the stage in his progress when qual- 
itative analysis is usually begun. 

Hypochlorous and nitrous acids have been added at the 
supjgestion of Professor T. H. Norton, and heating with con- 
centrated sulphuric acid, in the preliminary examination, at 
the suggestion of Professor E. J. Bartlett. 

June, 1890. W, A, N, 



PREFACE TO FIRST EDITION. 



Two reasons have led to the writing of this book. One 
has been the desire to give to my classes a scheme for quali- 
tative analysis in which points where a beginner is liable to 
make mistakes are especially guarded by careful and explicit 
directions for procedure. In this respect the book is the 
result of considerable experience with classes in the labora- 
tory, where especial pains have been taken to discover the 
reasons for errors on the part of ordinary students. Quali- 
tative analysis is of no value unless it leads to certain results, 
and the beginner needs to have it impressed upon his mind 
that certainty can only be attained by performing each 
operation in exactly the right way. In the author's opinion 
it is better to teach the student the right way at first, rather 
than to give only an outline and expect him to fill in the 
details of manipulation for himself. Every one who has 
had experience in the matter knows, however, that no 
amount of careful direction in a text-book can supply the 
place of constant watchfulness on the part of the instructor. 

The second reason for the book has been the desire to con- 
nect the reactions given by way of a study of the elements 
before actual analysis more closely with the course of analy- 
sis itself. With this end in view, the reactions given for the 
student to try before taking up the actual analysis are chosen 
and arranged in each case with reference to their immediate 
use in the separation and detection of the elements under 
consideration. As a result, the preliminary reactions given 
are fewer in number than is usually the case. These reao- 
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vi. Q UALITA TIVE ANAL YSIS, 

tions are supplemented, however, by the tables given at the 
close of Part I. For the idea embodied in these tables, and, 
indeed, for most of the matter which they contain I must 
acknowledge my indebtedness to Biedermann's "Chemiker- 
Kalender" for 1887. 

The plan to be followed in using this book is largely im- 
plied in the text. In the first part of the work it is my custom 
to have {he student perform the preliminary experiments 
with the metals of a group, writing the equations represent- 
ing the reactions involved and keeping a careful record of 
his work. A mixture containing all of the metals of the 
group is then given and he is required to analyze it, keeping 
in some systematic form a record of each reagent used and of 
the results obtained. When the analysis is complete he is 
required to explain his record and give the reason for each 
operation. Then mixtures containing part of the metals of 
the group are given. After completing the study of the 
metals in this way, simple salts containing one metal and 
one acid are given for analysis and then general mixtures of 
various kinds. 

The author will be very glad of any corrections or sugges- 
tions for improvement ^vhich may occur to any one who 
uses the book. 

Terre Haute, Ind., August, 1887. 

W. A. N. 



INTRODUCTION. 



The qualitative analysis of a substance consists in 
separating each of the elements which it contains in the 
free state or in the form of some compound which is char- 
acteristic and easily identified. Separation in the free state 
is comparatively rare either in qualitative or quantitative 
analysis. 

In the course of a qualitative analysis it is usually neces- 
sary to transform an element into a number of difierent 
compounds, successively, either because the compound first 
formed is so similar to some compound of another element 
that it cannot be identified with certainty, or because it is 
necessary to separate the element from others with which it 
is mixed or combined. 

A qualitative analysis to be successful must prove, with 
certainty that the elements sought are present or that they 
are absent. The latter is as important, and in many cases 
it is more important than the former. Success can only be 
attained by the exercise of care in all operations and by the 
most scrupulous cleanliness. 

One who attempts to analyze a substance by following 
mechanically a scheme which is laid down may sometimes 
succeed in finding the substances which he seeks, but he is 
sure to fail in many cases. In order to avoid constant mis- 
takes the chemist must understand thoroughly the object of 
every operation and the effect of the operation upon every 
substance present in the mixture ivith which he is working. 
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For this reason it is best to perform the operations of 
analytical chemistry, at first, with substances of known 
composition, studying carefully the eff'ect upon these of 
operations which are afterwards to be used for the detection 
of unknown substances. It should also be an invariable 
rule, when the chemist is in doubt about a test which he is 
applying, to apply the same test to some substance which he 
knows to contain the substance sought and to compare the 
effect w^ith that upon the substance under examination. 

Precipitation is more often used than any other means 
for the separation and detection of substances. A precipi- 
tate is a substance insoluble in the liquid which is present. 
If the solutions of two salts containing two metals and two 
acids are mixed, the resulting solution probably contains, 
at first, the four possible salts which may be formed from 
the substances present. Thus, if solutions of barium chlo- 
ride and copper sulphate are mixed, there are probably 
present at first in the resulting solution four salts, — barium 
chloride, copper sulphate, copper chloride and barium sul- 
phate. If, however, one of the four (in this case barium sul- 
phate) is insoluble in the liquid present, it will separate and 
its formation will continue until either all of the barium or 
all of the sulphuric acid is removed from the solution. 

Filtration consists in pouring a liquid in which a pre- 
cipitate is suspended, upon a filter and allowing the liquid 
to run through. The latter is then called the filtrate. 

Decantation consists in pouring off a liquid from 
which a precipitate has been allowed to settle. It is fre- 
quently advisable to combine decantation and filtration. 

A precipitate is washed for the purpose of removing the 
liquid which is mechanically held within its mass. Wash- 
ing may be performed by decantation or by repeatedly 
pouring water upon the precipitate as it lies on the filter; 
unless the precipitate is heavy and settles rapidly, washing 
upon the filter is usually most efiective. In almost all cases 
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a precipitate can be washed more rapidly with hot than with 
cold water. For special reasons, however, some precipitates 
must be washed with cold water. The success of an analysis 
frequently depends upon the thorough washing of precipi- 
tates, but in most cases the washing need not be so thorough 
as is necessary in quantitative analysis. In most cases a 
precipitate will be washed sufficiently for qualitative pur- 
poses by filling the filter four or five times with hot water 
and allowing the liquid to run through completely after 
each addition. It is frequently advisable to remove the first 
filtrate before beginning to wash a precipitate, as the wash- 
ings sometimes pass through turbid even when the first 
filtrate is clear. 

Reagent is the general name applied to any substance 
used in the course of an analysis. The most common reac- 
tions made use of in analysis are of the nature of double de- 
compositions and may be expressed by the following form : 

A I B 

— - — , or illustrated by the action of hydrochloric acid 

C D ^ ^ J 

CI H 

The horizontal line 



on silver nitrate, thus : , 

' Ag NOa 

divides the two substances present before the solutions are 
mixed ; the perpendicular line divides the two substances 
formed by the reaction of the first two upon each other. 

The Blowpipe is used in oxidizing or reducing sub- 
stances on charcoal, in the preparation of borax and other 
beads and in tests of fusibility and flame coloration. The 
most convenient flame is obtained by introducing into the 
Bunsen burner a brass tube which is narrowed to a slant- 
ing, slit-like opening at the top and which reaches to the 
bottom of the burner, excluding the air. The oxidizing 
flame (0. F.) is produced by placing the blowpipe within 
the flame and blowing rather strongly. Substances placed 
at the extreme tip of the flame will be strongly heated by 
it and can at the same time obtain oxygen from the air. 
The reducing flame (R. F.) is obtained by placing the 
blowpipe at the edge of the flame and blowing less strongly. 
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Substances placed in the luminous tip of the flame meet 
with an excess of carbon and are reduced by it. 

Many of the blowpipe reactions can be performed equally 
well with the Bunsen flame alone. The outer edge one- 
third of the way up is an oxidizing flame, while the lumi- 
nous tip just above the central dark zone is a reducing flame. 



PART I. 



DETECTION OF METALS. 



GROUPS OF THE METALS. 

For the purposes of qualitative analysis the metals are 
divided into five groups in accordance with their deportment 
toward various reagents. A brief statement of the leading 
characteristic of each group is given here while fuller state- 
ments are given in the discussion of each group. 

Group I. — Metals whose chlorides are insoluble in acids : 
Lead (slightly soluble), Silver, Mercury 
(ous). 

Group II. — Metals whose sulphides are insoluble in cold, 
dilute acids. Mercury (ic). Lead, Bismuth, 
Copper, Cadmium; Arsenic, Tin, Anti- 
mony, Gold, Platinum. 

Group ni. — Metals whose hydroxides or sulphides are in- 
soluble in ammonium hydroxide. Chro- 
mium, Aluminum, Iron ; Cobalt, Nickel, 
Manganese, Zinc. 

Group IV. — Metals whose carbonates are insoluble in 
ammonium chloride. Barium, Strontium, 
Calcium. 

Group V. — Metals whose chlorides, sulphides and car- 
bonates are soluble in ammonium chlo- 
ride. Magnesium, Sodium, Potassium, 
Ammonium. 



QUALITATIVE ANALYSIS. 

GROUP I. 

Hydrochloric Acid Group. 

To this group belong Lead, Silver, and Mercury in 
mercurous salts. 

The chlorides of the metals of this group are insoluble in 
acids, with the exception of lead chloride, which is very 
sparingly soluble. Enough lead always remains in solution 
so that, if present in small amount, it may not be found at 
all in the first group. 

The sulphides of the metals of the group are insoluble in 
cold, dilute acids and in ammonium sulphide. 

PRELIMINARY EXPERIMENTS. 

In performing the experiments with each metal the stu- 
dent should keep a concise record of his work, and after- 
wards in analyzing a solution containing the metals of the 
group, he should refer to his record and he sure that he under- 
stands thoroughly the effect of every reagent \chich he uses, and the 
object of every operation which he performs. 

Lead. — Take 2 cc. of a solution of lead nitrate or lead 
acetate in a test tube, add a little dil. HCl, shake vigorously 
and allow the white precipitate of PbCU to settle. Decant 
the liquid. Boil the precipitate with water, pour off the 
solution, boil again with water and repeat until the lead 
chloride is completely dissolved. Test different portions of 
the solution with HaS, dil. H.2SO4 and KzCrzOi. The precip- 
itates are PbS, PbSO* and PbCr04. 

Silver.— Take 2 cc. of a solution of silver nitrate. Add 
dil. HCl, shake, allow the w^hite, curdy AgCl to settle, decant, 
boil the precipitate with water, decant through a filter and 
test the filtrate for Ag with H2S. Add to the AgCl remain- 
ing in the test tube, NH4OH and shake. To the solution, 
which contains the silver as ammonio-silver chloride, 
2 AgCl. 3 NH.„ add dil. HNO3. The precipitate is AgCl. 
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Explain its formation. Filter, and expose the precipitate to 
diffused sunlight. 

Mercury in mercurous salts.— Take 2 ec. of a so- 
lution of mercurous nitrate, add dil. HCl, shake, decant, 
boil the HgCl three times with about 10 cc. of water, decant- 
ing each time, to remove mercuric salts, then boil a fourth 
time, decant through a filter and test the filtrate for Hg with 
H2S. Add NH4OH to the HgCl remaining in the test 
tube. The mercurous chloride is changed to black mer- 
curous amido chloride, HgaNHaCl. Pour off the ammonia 
and wash the precipitate once by decantation. Dissolve by 
boiling with dil. aqua regia. Add SnCU. The mercury 
dissolves in the aqua regia as mercuric chloride and is repre- 
cipitated by the stannous chloride as mercurous chloride, 
or, if the SnClj is in excess, as Hg. The latter appears as a 
gray precipitate. 



ANALYSIS. 

I.— Hydrochloric Acid Group. 

(!)• If the original solution has an alkaline reaction, ref- 
erence must be made to page 60. 

Add to the solution one or two drops of dil. HCl. 

a. No precipitate is formed. Silver and mercurous 
mercury are absent. Pass on to (5). 

b. A precipitate may contain PbCla, AgCl, HgCl, 
SbOCl and BiOCl. The two last will re-dissolve in an 
excess of HCl. Add HCl drop by drop until after 
vigorous shaking an additional drop produces no further 
precipitate. A large excess of HCl is to be avoided, as it 
would interfere with the precipitation of Group II. 
Filter and wash the precipitate on the filter twice with 
cold water. Treat filtrate and washings by (5). 

(2). Lead. — Heat about 6 cc. of water to boiling and pour 
over the precipitate. Divide the filtrate obtained in two 
portions; to one add dil. HxSO*. A white pulveru- 
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14 Q UALITA TIVE ANAL YSIS, 

lent precipitate is PbSO*. To the other portion add 
KaCraOj. A yellow precipitate is PbCrO*. 

(3). Silver. — If lead has been found, pour hot water over 
the precipitate repeatedly until it is completely removed. 
To the precipitate on the filter add a few drops of 
NH4OH, taking care to drop it in such a way that 
the whole precipitate is moistened with it, but do not 
use more than 5 or 10 drops jQfct be reagent unless the 
precipitate is very large. TflPTfiltrate add dil. HNO, 
to acid reaction * The filtrate is sometimes turbid from 
the presence of a basic lead salt, PbOHCl, but this is 
soluble in HNO3 while the silver is precipitated, as AgCl. 
If much mercury is present and silver is not found here, 
it is best to test for silver, any residue which remains on 
dissolving the mercurous-amido-chloride in aqua regia. 

(4). Mercurous Mercury. — If the precipitate blackens 
on treatment with NH4OH, the formation of mer- 
curous-amido-chloride, HgaNH^Cl, is indicated. Make 
a hole in the bottom of the filter and rinse the precipi- 
tate into a test tube. Allow to settle. Decant the liquid 
completely. Dissolve the precipitate by boiling with a 
very little dilute aqua regia. Dilute the solution with 
an equal volume of water, filter, if any AgCl has re- 
mained undissolved, and test the solution or filtrate for 
mercury by adding SnClj. 



GROUP II. 

Hydrogen Sulphide Group. 

The sulphides of the metals of this group are insoluble in 
dilute acids. The group is divided into two sub-groups : 

Sub-Group A.— To this belong Merinry in mer- 
curic salts, Lead, Bismuth, Popper and Oadmium. 

*In every case like this, test the solution with litmus paper, after 
addiog the reagents and thoroughly shaking the liquid. 
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The sulphides of the metals of this sub-group are insoluble 
ih yellow ammonium sulphide. 

Sub-Group B.— To this belong Arsenic, Antimony, 
Tin, Oold and Platinum. The sulphides of the metals 
of this sub-group are soluble in yellow ammonium sulphide 
and are reprecipitated as sulphides on adding dil. HCl to 
the solution. 

PRELIMINARY EXPERIMENTS. 

Mercury in Mercuric Salts.— Take 2 cc. of mercuric 
chloride, dilute to 10 cc, pass H2S slowly as long as a 
change is observed in the color of the precipitate, warm, 
allow to settle and wash three or four times by decantation. 
Try to dissolve the HgS, first by boiling with dil. HNO3, 
and then by boiling with aqua regia. The mercury dis- 
solves as HgClz. Cool and add SnClz. The precipitate is 
HgCl mixed with Hg. 

Lead. — Take 10 cc. of a solution of PbCU, warm, pass 
H2S, allow the PbS to settle, decant, wash, boil the precipi- 
tate with 1 cc. of dil. HNO3. To the solution containing 
lead nitrate, add a few drops of dil. H2SO4. If this does not 
give enough of a precipitate of lead sulphate to work with, 
evaporate nearly to dryness in a porcelain dish, rinse back 
into a test tube, allow to settle, wash, dissolve in a very 
little alkaline ammonium tartrate and add KaCraOx. The 
precipitate is PbCr04, "chrome yellow." 

Bismuth. — Take 2 cc. of a solution of BiCla. Dilute to 
10 cc. This may cause a precipitate of BiOCl. Whether it 
does or not, warm, pass H2S, allow the BiaSa to settle, de- 
cant, wash, boil the precipitate with 1 cc. of dil. HNO3. To 
the solution of Bi(N03)8 add two or three drops of dil. 
H2SO4, then NH4OH. The precipitate is BiOOH. Filter, 
wash onc^. Drop three or four drops of dil. HCl upon the 
precipitate and allow the solution of BiCls to run through 
into a clean test tube. Add to the solution 10 to 20 cc. of 
water. The precipitate is BiOCl, bismuth oxychloride. 
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Oopi)er. — Take 2 cc. of a solution of CuSO*, dilute to 
10 cc, warm, pass H^S, allow the CuS to settle, decant, wash, 
dissolve in 1 cc. dil. HNOs by boiling, add two or three 
drops of dil. H2SO4 to the solution of Cu(N03)2 and then 
NH4OH to alkaline reaction. The blue color is caused by a 
cupro-ammonium salt CUSO4.4 NH3 or Cu(N03)2. 4 NHs. 
Add dil. HCl till the deep blue just disappears, then some 
iron filings and boil for a short time. Filter and test the 
filtrate with HaS. 

\ Oadmium. — Take 2 cc. of a solution of CdSO* or of 
Cd(N0s)2, dilute to 10 cc, warm, pass H2S, filter, wash. 
Make a hole in the bottom of the filter and rinse the CdS 

?into a test tube with the least amount of dil. HNO3 possible. 

' Boil, add to the solution of Cd(N08)2 two or three drops of 
dil. H2SO4 and then NH4OH to alkaline reaction. The 
Cd(0H)2 which would have been formed on adding NH4OH 
to a normal cadmium salt, remains, in this case, dissolved 
in the excess of NH4OH. Add HCl to acid reaction, then 
some iron filings and boil for a short time. Filter and test 
the filtrate with H2S. The precipitate is yellow Cd S. 



ANALYSIS. 

; II. — Hydrogen Sulphide Group. 

1(5). Precipitation. — If the solution to be tested for 
[ Group II. contains much free acid, it may be necessary 
'i to evaporate it nearly to dryness before all of the metals 
of the group can be precipitated, but usually dilution 
with water will be sufiicient. Warm a small portion^ of 
the solution to about 70° and pass H.^S through it. If 
arsenic is suspected to be present, pass the gas slowly for 
some time and warm the solution repeatedly, passing 
H2S each time. 

*The use of a small portion instead of the whole solution, is to avoid 
the introduction of HjS into the latter in case Group II. should prove 
to be absent. If metals of the group are known to be present, of 
course the whole solution may be treated at once as directed in c. 
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a. No precipitate forms even after diluting with four 
volumes of water and testing again with HiS. Group II. is 
absent. Treat the principal solution by (16). 

b. A fine white precipitate of sulphur is formed. This is 
caused by ferric iron or some other oxidizing agent. If 
accompanied by a change of color from reddish yellow 
to green, the presence of a chromate is indicated. Group 
II. is absent. Treat the principal solution by (16). 

c. A colored precipitate is formed. This may contain 
HgS, PbS, Bi,S3, CuS, CdS;]As,S3, Sb,S„ SnS, SnS., 
Au-^Sa and PtSa. Warm the whole solution, pass H2S 
long enough for complete precipitation, filter and wash 
the precipitate three or four times with hot water. Di- 
lute a small portion of the filtrate with four volumes of 
water and pass HjS to make sure that the metals of the 
group are entirely removed. Afterwards examine the 
solution from which Group II. has been entirely precipi- 
tated, by (16). If nothing is known about the nature 
of the precipitated sulphides, test a small portion as di- 
rected in (6). If it is already known that only Sub> 
Group A is present, treat the sulphides at once by (?)► 
If only Sub-Group B is present, treat them as directed ia 
(13). If metals of both Sub-Groups are present, treat 
the sulphides at once as directed in (6), bb. 

(6). Separation of Sub-Group A and Sub-Group 

B. — By means of a glass spatula* put a small portion 
of the precipitate into a test tube, add 5 or 10 drops, 
of yellow (N 114)28 and a little water and warm gently.. 

a. The precipitate dissolves completely. Sub-Group A 
is absent. Treat the main precipitate by (13). 

b. A residue is left. Sub-Group A is present. Fil- 
ter, and add dil. HCl to the filtrate to acid reaction. 

* Easily made by softening half an inch of glass tubing in the fiame 
and pinching it with forceps. It should then be held in the fiame 
again and annealed. 
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aa. A pure white precipitate of sulphur is obtained, Sub- 
Group B is absent. Treat the main precipitate 

by (7). 

bb. A colored precipitate is obtained. Sub-Group B is 
present. Put the whole precipitate into a test tube 
by means of a glass spatula, add 5 to 10 cc. of yel- 
low (NH4).^B, warm gently for some time and allow 
to settle. If the precipitate settles leaving a clear 
yellow liquid above,* pour the whole upon a filter 
and allow the liquid to run through as completely 
as possible. Treat the filtrate by (12). Wash the 
precipitate twice with hot water, to which one-tenth 
volume of (NH4),S has been added, using about 10 
cc. each time and allowing the liquid to run 
through completely after each addition. If the 
washipgs are of a pure yellow color, add them to 
the fii^st filtrate. If the precipitate containing Sub- 
Group A is sufficient in quantity, transfer it to a 
test tube by means of a glass spatula and treat it by 
(7). Otherwise make a hole in the filter and rinse 
it into a test tube with water, just acidify with 
dil. HCl, warm, pass HjS, filter, wash three or 
four times with hot water and treat the precipitate 
by (7). By this treatment the precipitate is usually 
rendered compact so that it will settle, while the 
precipitate which has been treated with (NH4)2S 
wi4 not. 

(7). Mercuric Mercury.-— Introduce the precipitate, 
which may contain HgS, PbS, Bi^Sa, CuS, and CdS, into 
a test tube with a spatula (or by washing through a hole 
in the filter, allowing to subside and pouring off the water 
completely). Add from 1 to 5 cc. of dil. HNO3, boil as 
long as anything dissolves, dilute slightly, and pour the 

*If the liquid remains turbid at the top or is colorless, enough 
(N 114)28 has not been used or the reagent has decomposed by stand- 
ing. 
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liquid oflF through a filter leaving any residue in the 
test tube. Treat the filtrate by (8). The residue may 
contain black HgS or white (HgS)^ HgCNOa) ^or PbS04, 
all of which are heavy and settle, or sulphur which 
is yellow and floats. Enough lead always passes into 
solution in the HNO3 for its detection, if present. 
Boil the residue with 1 or 2 cc. of dil. aqua regia, 
dilute, filter, if necessary, and to the solution or filtrate 
add SnCl2. The mercury dissolves as mercuric chloride 
and is precipitated as mercurous chloride (calomel), or as 
metallic mercury. 

(8). Lead. — To the filtrate containing Pb, Bi, Cu, and Cd, 
as nitrates, add i cc. of dil. H2SO4 and evaporate in a 
porcelain dish till only a few drops remain, but not 
after fumes of H2SO4 appear. Rinse the precipitate of 
PbSO* into a test tube with water, adding dil. H2SO4, if 
necessary, to keep Bi in solution, allow to settle and 
filter quickly, leaving the precipitate in the test tube. 
Treat the filtrate by (9). Wash the precipitate by de- 
cantation, dissolve it by warming with a few drops of 
alkaline ammonium tartrate and add KjCraOT in suffi- 
cient amount. A yellow precipitate is PbCr04, "chrome 
yellow."* 

(9). Bismuth. — To the solution, containing Bi, Cu and 
Cd as sulphates, add NH4OH to alkaline reaction. A 
precipitate is BiOOH. Filter and treat the filtrate by 
(10). Wash the precipitate once, drop two or three drops 
of dil. HCl upon it and allow the solution of BiClg to 
run through into a clean test tube. Add 10 to 20 cc. 
of water. A white precipitate is BiOCl, bismuth oxy- 
chloride. 

♦Another method is to warm the PbS04 with a few drops of 
JCaCrgOy, which will convert it into PbCr04. The precipitate is 
then washed by decantation and a few drops of NaOH are added. 
The PbCrO^ will dissolve to a clear yellow fluid and may be repre- 
cipitated by acetic acid. 
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(10). Copper. — If the filtrate is of a blue color, copper 
is present as 4NH8. CuSO*. In any case, treat the solu- 
• tion by (11). 

(11). Cadmium.— If copper is absent, add HCl just to 
acid reaction, and pass H^S through the solution. A 
yellow precipitate is CdS. If copper is present, add dil. 
HCl till the deep blue color disappears, then some iron 
filings, boil for a short time, filter and test the filtrate 
with H2S. A yellow precipitate is CdS.* 



Sub' Group B. 

To this Sub-Group belong Arsenic, Antimony, Tin, Gold 
and Platinum. The sulphides of the metals of the Sub- 
Group are soluble in yellow ammonium sulphide and are 
reprecipitated as sulphides on adding dil. HCl to the solu- 
tion. 

PRELIMINARY EXPERIMENTS. 

Arsenic in Arsenious Compomids.— Use a solution 
of AsaOs in HCl. Precipitate with H2S, warming the so- 
lution. Filter, put the precipitate into a test tube by 
means of a spatula, add a little (NH4)2S and warm gently. 
The AS2S3 dissolves as ammonium sulpharsenite,(NH4)8AsS3. 
CCompare with the formula of ammonium arsenite). Add 
. dil. HCl to acid reaction, filter, wash and boil the As^Sj 
; ^ ^^ obtained with 1 or 2 cc. of cone. HCl. Then add a frag- 

^ .^ '^*/ ment of KCIO3 and boil again. This time the arsenic 
I will dissolve as arsenic acid, H8ASO4. Add NH4OH to 

'^' ' r alkaline reaction, filter, if necessary, then add MgSOi and 

shake vigorousl^s* The precipitate is MgNH4As04. 

Arsenious compounds give no precipitate on adding 
NH4OH, NH4CI and MgS04. They are oxidized to arsenic 

* Another method is to add KCN to the alkaline solution until the 
blue color is destroyed and then pass HjiS. The cadmium is precipi- 
tated as yellow CdS but is often dark colored from the presence of 
traces of copper or mercury. 
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acid by free chlorine, or by KzCraOy and HCl, or any similar 
agents giving free chlorine. In this case the chromium is 
reduced to CrjCU which gives a green solution. Try the re- 
action and write the equation. 

Arsenic in Arsenic Comi)ounds.— Use a solution 
of arsenic acid, Hs ASO4. H2S precipitates from the solution, 
with some difficulty and on warming, AsjSs mixed with S. 

NH4OH, NH4CI and MgSO* give a precipitate of 
MgNH4As04. 

Tin in Stannous Compounds.— Use a solution of 
SnCla. Warm, precipitate with H^S, wash, dissolve the SnS 
in yellow (NHO^S and add dil. HCl to the solution. The 
precipitate is now SnS^. Filter, boil with cone. HCl till H2S 
is expelled. The solution now contains SnCl4. Dilute 
slightly, add an iron nail and warm for a short time. The 
SnCl* is reduced to SnCLj. Pour into another tube and add 
HgClj. The precipitate is HgCl. See (4) and (?)• 

Tin in Stannic Compounds.— Use a solution of 
SnCl*. Stannic compounds give with H^S a precipitate of 
yellow SnSj. They give no precipitate with HgCl. 

Antimony — Use a solution of SbCls. Warm, precipitate 
with H2S, dissolve the SbaSj in Yellow (NH4)2S, and add 
dil. HCl to the solution. Filter, boil the Sb2S3 with cone. 
HCl till H2S is completely expelled. Divide the solution 
containing SbCls in two portions. Warm one portion with 
an iron nail. The black precipitate is metallic antimony. 
Pour the other portion into a porcelain dish, put in it a 
piece of platinum and lay upon that a piece of zinc, dilut- 
ing if necessary to bring the solution in contact with the 
zinc. The black stain on the platinum is metallic anti- 
mony. Clean the platinum as directed in (15). 

Gold. — H2S precipitates from solutions of gold either 
AuaSa or AuaS, which are insoluble in cone. HCl, but are 
soluble in aqua regia. 
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A dilute solution of SnCl^ and SnCl4 produces, even in 
very dilute solutions of gold, a purple red precipitate or 
coloration which has been called purple of Cassius. 

Platinum. — HaS precipitates from solutions of plati- 
num PtSa, which is insoluble in conC: HCl, but is soluble in 
aqua regia. 

KCl produces in solutions of platinic salts, if not too 
dilute, a yellow precipitate of K^PtCU (or 2 KCl, PtCli). 
NH4CI produces a similar precipitate. 



ANALYSIS. 

Group II. Suh' Group B. 

(12). Add to the solution of the sulphides of As, Sn, and 
Sb in yellow (N 114)28, dil. HCl to acid reaction, filter 
and wash. Treat the precipitate by (13). If the 
original solution contained copper, portions of it will 
sometimes dissolve in the (NH4)2S as a cuprous sulpho- 
salt and wall interfere with the detection of antimony 
in (15). The copper may be separated by re-dissolving 
this precipitate in Na^S which will dissolve only the 
As, Sn and Sb. Whether copper is present so as to 
render this necessary, may be determined by testing a 
few drops of the original acid solution with a clean iron 
nail, which will cover itself with a coating of metallic 
copper, if that is present. 

(13). Arsenic. — Introduce the precipitg-te, wjaich may 
contain AS2S3, SnSj and Sb^Sg, into a test tube by means 
of a spatula. Boil with 2 or 3 cc. of cone. HCl, dilute 
with an equal volume of water, w^arm, filter hot, leaving a 
residue of AS2S3, if present, in the test tube. Treat the 
filtrate, containing SnCl* and SbClg, by (14). Dissolve 
the AS2S3 in 1 or 2 cc. (not more) of cone. HCl and a 
fragment of KCIO3. The arsenic dissolves as arsenic 
acid, HsAfi^. Add NH4OH to alkaline reaction, filter 
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if necessary, add NH4CI, then more NH4OH, if the solu- 
tion is not strongly alkaline, and MgSO*. Shake vigor- 
ously and rub the wall of the test tube with a glass rod 
to aid in the formation of the crystals of MgNH4As04. 
The precipitate should be white and crystalline. 

(14) Tin. — If a yellow or orange precipitate forms in the 
solution containing SbCls and SnCli on cooling, boil 
until H2S is completely expelled. Divide the solution 
in two portions. To one portion add a small iron nail 
and warm gently for several minutes, adding more HCl, 
if necessary, to cause a vigorous evolution of hydrogen. 
The nascent hydrogen reduqes the antimony to the 
metallic state and the stannic cMoride to stannous chlo- 
ride. Pour off or filter into another test tube and add 
HgCl-i. A precipitate of HgCl indicates the presence of 
tin in the solution. Whether the tin was originally 
present as a stannous or a stannic compound must be 
determined by adding HgClj to a few drops of the orig- 
inal solution. A precipitate insoluble in cone. HCl 
proves the tin to have been stannous. 

(15). Antimony. — Pour the other portion of the solution 
into a porcelain dish, put in it a piece of platinum and 
lay upon that a piece of zinc, diluting if necessary, to 
bring the liquid in contact with the zinc. The anti- 
mony will be reduced to the metallic state* and will 
form a black stain on the platinum. A gray stain, 
which is frequently formed by the reduction of the tin 
or from impurities in the zinc, must not be mistaken 
for antimony. The platinum can be cleaned by wash- 
ing thoroughly and then warming with a little HNO3 
and a drop of ammonium tartrate. 

*If the zinc is left till the evolution of H nearly ceases, the tin will 
also be deposited, partly on the zinc and partly on the platinum. 
After carefully pouring off the liquid and removing the zinc, the tin 
may be dissolved by warming with cone. HCl while the antimony, 
if much is present, 'will remain undissolved. The solution, contain- 
ing SnCla, may be tested for tin with HgClj. 
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GROUP III. 

Ammonium Sulphide Group. 

To this group belong Aluminium, Chromium and 
Iron, which are precipitated as hydroxides by NH4OH in 
the presence of NH4CI ; and Cobalt, Nickel, Manganese 
and Zinc, which are not precipated by NH4OH in presence 
of NH4CI unless phosphoric or some similar acid is present. 
(NHijjS converts FeXOH), into FeS, but has no effect upon 
Al,(OH)e or Cr,(OH),. 

In presence of phosphates, borates, oxalates, silicates, 
fluorides or tartrates, Barium, Strontium, Calcium and 
Magnesium may be precipitated with this group. 

PRELIMINARY EXPERIMENTS. 

Chromium.— Use a solution of K^CraC 804)4, "chrome 
alum." Add NH4CI and NH4OH and warm. The precipi- 
tate is Cr2(0H)«. Add (NH4)2S. The precipitate is un- 
changed. Filter, wash with hot water, dissolve in dil. HCl, 
nearly neutralize with Na^COs, add BaCOj, * shake, filter and 
test the filtrate for Cr with NH4OH and warming.^ The 
chromium is precipitated as a basic salt by the BaCOa. Boil 
the precipitate with NaOH in a porcelain dish, and filter. 
Save the precipitate. ( To the filtrate add dil. HCl to acid 
reaction, then NH4OH and boil. If a precipitate is obtained 
it is due to impurities in the NaOH (silica from the glass, 
etc.) Notice it carefully and save it to compare with the 
aluminium precipitate obtained in' the same way^ Fuse 
the precipitate, which has been boiled with NaOH, on pla- 
tinum foil with 2 parts of Na^COg and 2 parts of KCIO3. 
The chromium is oxidized to K2Cr04. Boil the fused mass 
with water and filter. The yellow color of the filtrate is 
due to K2Cr04. 

All salts in which chromium acts as a base give solutions 
which are green or violet. 

*lShake the bottle. Why ? 
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Chromium as Chromic Acid.— Use a solution of 
potassium pyrochromate ("bichromate"). Add dil. HCl 
and pass H2S. The chromium is reduced to CriClg. All 
salts of chromic acid give solutions which are red or yellow. 

Aluminium. — Use a solution of ordinary alum, K2AI2 
(SO*)*. Try the same experiments as with chromium, omit- 
ing the fusion with Na^COa and KCIO3. Until the pre- 
cipitate by BaCOa is boiled with NaOH, the aluminium 
compounds formed are exactly analogous to the chromium 
compounds. Then the aluminium dissolves as sodium 
aluminate, NajAlOs. On acidifying the filtrate, AliCl^ is 
formed and then NH4OH precipitates Al2(OH)6. Notice the 
character of the final precipitate and compare it with the 
precipitate, due to impurities in the NaOH, which is usually 
obtained in the experiments with chromium. 

Iron in Ferric Salts.— Use a solution of FcjCU. Add 
NH4CI and NH4OH. The precipitate is Fe2(0H)«. Add 
(NH4)2S. This changes the precipitate to FeS. Warm, 
filter, wash, dissolve in dil. HCl, boil the solution of FeCU 
to expel H2S, add a few drops of dil. HNO3 and boil again. 
The FeCla is oxidized to FcaCle. Test a drop of the solution 
with KCNS. The compound formed is Fe2(CNS)6. Test 
another drop with KiFeCgNg. The precipitate formed is 
ferric ferrocyanide, Fe4(FeC6N6)3, or 'Trussian blue." Nearly 
neutralize the rest of the solution with Na^COa, add BaCOa, 
shake, filter and test the filtrate for iron with K4FeC6N6. 
The BaCOs precipitates the iron as a basic salt. 

Iron in Ferrous Salts.— Use a solution of FeSO* freshly 
prepared by dissolving an iron nail in dil. H2SO4. Test 
different portions of the solution with KCNS, KiFeCeNg, 
KsFeCfiNe, and NaOH. Oxidize a portion of the FeSO* to 
ferric sulphate by boiling with HNO3 and apply the same 
tests. Ferric salts are reduced to ferrous salts by H2S. 
Prove it, using the knowledge gained from tests above. 
Write all of the reactions. 
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Cobalt. — Use a solution of Co(X03)2. Add NH4CI and 
NH4OH, then (NHij^S, warm, filter and test the precipitate 
with the borax bead in the oxidizing flame. Pour over the 
precipitate on the filter* a little water and cold dil. HCl and 
test the filtrate for Co with NH4OH and (N 114)28. A slight 
precipitate will usually be obtained. Transfer the remainder 
of the CoS to a porcelain dish, dissolve in a little boiling 
dil. aqua regia, and evaporate the solution of C0CI2 to a few 
drops. Rinse back into a test tube with a veri/ little water 
so that the volume is less than 1 cc. Add NaOH drop by 
drop till a slight permanent precipitate, Co(OH)2, remains 
after shaking. Dissolve this in a few drops of acetic acid. 
The volume should not now be more than 2 cc. Add an 
equal volume of KNO2, w^arm gently and allow to stand for 
twelve hours. The yellow precipitate is Co2(N02)6. (KNOi)^ 
+nH20. Filter, add NaOH to the filtrate and test a precip- 
itate, if one is obtained, with the borax bead. 

Nickel. — Use a solution of Ni(X03)2. Try the same ex- 
periments as wdth cobalt. Notice that the first filtrate from 
the NiS is dark. NiS can be precipitated from it by adding 
dil. HCl. 

Mix five parts of a nickel solution with one part of a cobalt 
solution, precipitate with (NH4)2S and test the precipitate 
with the borax bead. Is the color obtained characteristic of 
cobalt or of nickel ? 

Manganese. — Use a solution of MnS04. Add NH4CI, 
NH4OH, then (NH4)2S, warm, filter, wash, dissolve the MnS 
in cold dil. HCl, boil to expel H2S, nearly neutralize with 
Na^COa, add BaCOa to the cold solution, shake and filter. To 
the filtrate add two or three drops of dil. HCl, boil to expel 
CO2, add NH4OH and (NH4)2S, warm, filter, dissolve the 
MnS in dil. HCl, boil to expel H2S, add NaOH and filter. 
Test the filtrate with H2S and the precipitate, Mn(0H)2,with 

•^Precipitated sulphides should always be further treated as soon as 
possible, as they are liable to be oxidized to sulphates by the air. 
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a bead of NajCOs in the oxidizing flame. The green color 
of the bead is caused by sodium manganate, Na2Mn04. 

Zinc. — Use a solution of ZnSO*. Try the same experi- 
ments as with manganese. Heat the last precipitate of ZnS 
on charcoal, moisten with Co(N03)2 and heat again. 



ANALYSIS. 

III. — Ammonium Sulphide Grvoup. 

(16). Precipitation — Put a small portion of the solution 
into a test tube, boil to expel H2S if present, add 2 drops 
of dil. HNO3 and boil again. If the solution becomes 
yellow, iron is probably present. Add NH4CI, then 
NH4OH just to alkaline reaction and warm, 
a. No precipitate is formed. Absence of Al, Cr, and 
Fe.* Add (NHO^S and warm. 

aa. No precipitate is formed. Absence ofCo, Ni, 
Zn and Mn. Pass to (25). 

bb. A precipitate may contain CoS, NiS, ZnS and 
MnS. Add to the whole solution NH4CI, to 
prevent the precipitation of Ba, Sr, Ca or Mg, 
then NH4OH just to alkaline reaction, and 
(NH4)2S. Warm, filter and ^tash the precipitate 
at once (otherwise the sulphides might be oxi- 
dized to sulphates by the air) with hot water to 
which a little; (N 114)28 has. been added. Treat 
the filtrate as in b. Put the precipitate into a 
porcelain dish with a little water and cold 



*If the solution contains tariaric acid or other oreanic matter, this 
may prevent the precipitation of Al, Cr, and Fe oy NH4OH. In 
that case the solution must be evaporated to dryness and the residue 
fused on platinum with NajCOg and KNOj. The fused mass, after 
removal from the platinum^ is dissolved in dil. HCl, HjS is passed 
through the solution to reduce chromic acid and it is then treated as 
above. 
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a bead of NaiCOa in the oxidizing flame. The green color 
of the bead is caused by sodium manganate, Na2Mn04. 

Zinc. — Use a solution of ZnSO*. Try the same experi- 
ments as with manganese. Heat the last precipitate of ZnS 
on charcoal, moisten with Co(N03)2 and heat again. 



ANALYSIS. 

III. — Ammoniufn Sulphide Group. 

(16). Precipitation — Put a small portion of the solution 
into a test tube, boil to expel H.S if present, add 2 drops 
of dil. HNO3 and boil again. If the solution becomes 
yellow, iron is probably present. Add NH4CI, then 
NH4OH just to alkaline reaction and warm. 

a. No precipitate is formed. Absence of Al, Cr, and 
Fe.* Add (NH^^S and warm. 

No precipitate is formed. Absence ofCo, Ni, 

Zn and Mn. Pass to (25). 

A precipitate may contain CoS, NiS, ZnS and 

MnS. Add to the whole solution NH4CI, to 

prevent the precipitation of Ba, Sr, Ca or Mg, 

then NH4OH just to alkaline reaction, and 

(NH,)^^^ Warm, filter and wash the precipitate 

at nn^V (otherwise the sulphi<les ini-ht ]>e oxi- 

dizpd to -^Jahate^s by the air) with liot water to 

wlucl I N 11,).B has been added. Treat 

in b. Put the iireuipitate into a 

little water and cold 
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dil. HCL Digest for a short time, filter and 
wash. The precipitate may contain CoS and 
NiS. Treat as in (17). The filtrate may con- 
tain MnCl, and ZnCl,. Boil to expel H,S, add 
NaOH in excess to the cold solution and filter, 
if a precipitate of Mn(OH)a is formed. Test 
the precipitate with a Na«COs bead in the 0. F. 
A green color is caused by sodium manganate, 
Na,Mn04. Test the NaOH solution or filtrate 
with H,S. A white precipitate is ZnS. 

b. A precipitate is formed on adding NH^OH.* This 
will be reddish, if Fe,(OH),; green, if Cr,(OH)«; 
white and flocculent, if AlaCOH)^ ; or white, if a 
phosphate or similar compound of Ba, Sr, Ca, or 
Mg. Add to the whole solution, NH4CI, then 
NH4OH just to alkaline reaction, and (NH4)2S. 
Warm, filter and wash at once (to prevent oxida- 
tion) with hot water to which a little (NH4)2S has 
been added. Treat the precipitate by (17). Test 
the filtrate with a drop of (N.H4)iS to make sure 
the metals of the group have been completely pre- 
cipitated. If the filtrate is dark colored, the pres- 
ence of Ni is indicated. In that case add dil. HCl 
just to acid reaction, filter cold, and to the filtrate 
add at once NH4OH to alkaline reaction and reserve 
it to test by (25). Test the precipitate for Ni with 
a borax bead in the 0. F. If necessary, wrap the 
portion of the filter to which the precipitate adheres 
around the bead and burn, heating in the 0. F. till 
the bead is clear. The bead should be violet when 



*The following shorter method gives fairly satisfactory results in 
the absence of cliromium and of phosphates : After l:>oiling with 
HNO3 to oxidize the iron, add NH4CI and NH40Hand filter at once. 
Test the filtrate for Co, Ni, Mn and Zn, as in a. Wash the precipi- 
tate, dissolve a little of it in dil. HCl and test with KCNS for iron. 
Boil the remainder of the precipitate with NaOH in a porcelain dish, 
filter, add HCl to acid reaction, then NH4OH to alkaline reaction 
and warm. A precipitate is AlaCOHjg. 
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hot and reddish brown when cold. If Ni can be 
found here, the tedious separation of (17) will be 
unnecessary. 

(17). Cobalt and Nickel. — The precipitate may con- 
tain Al2(0H)e, Cr,(0H)6, FeS, CoS, NiS, MnS, ZnS, and 
also phosphates or similar compounds of Mg, Ca, Sr or 
Ba. Put it in a porcelain dish with a little water and 
add cold dil. HCl. Digest for a short time, filter and 
wash. Treat the filtrate, which contains everything but 
Co and Ni, by (18) and (19). Test the precipitate 
with a borax bead in the O. F. If the bead is violet 
when hot and reddish brown when cold, Ni is present 
and Co is absent, or at least only a trace is present. If 
blue, Co is present. In that case put the precipitate in a 
porcelain dish, dissolve in a little dilute boiling aqua 
regia and evaporate the solution so far that on remov- 
ing the lamp the residue will become almost dry. 
Transfer to a test tube with a few drops of water,* 
(1 cc or less), add NaOH drop by drop till a slight per- 
manent precipitate is formed, dissolve that in a little 
acetic acid. The volume should not now exceed 2 or 3 cc. 
Add an equal volume of KNO.2. Warm gently and 
allow to stand for 12 hours. A yellow precipitate is 
Co,(N02)6(KN02)6+nH.,0. Filter, add NaOH to the 
filtrate and test a green precipitate of Ni(0H)2 with 
the borax bead. The presence of Ni should not be con- 
sidered certain till a characteristic nickel bead is ob- 
tained. 

(18). Barium, Strontium and Calcium.— This para- 
graph can be omitted if phosphoric, silicic, boric, 
oxalic, hydrofluoric and tartaric acids can be proved to 
be absent, or if the original solution contains no free 

*Thi8 solution may be tested for Ni as follows : Add KG N till the 
precipitate first formed redissolves, then a drop of acetic acid and 
boil. Add now NaClO or bromine water and boil again. A black 
precipitate is nickelic hydroxide, NijlOH)^. 
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acid. (See page 59, a.) Otherwise, to one-fourth of the 
filtrate add dil. H2SO4 and boil. A precipitate may con- 
sist of BaSO^ or SrS04, or, possibly of CaSO*. Filter 
and wash. To the filtrate, or to the solution in which 
H2SO4 produces no precipitate, add 3 volumes of alcohol. 
A precipitate is CaSOi. Filter, dissolve in water and add 
(NH2)2C.204. A precipitate is CaC204. If a precipitate 
of BaSO* or of SrS04, or both, was obtained, fuse it on 
platinum foil with four parts of K^COs and NaaCOa. 
Boil the fused mass with water, filter and wash the 
BaCOs and SrCOa thoroughly with hot water. Then dis- 
solve in acetic acid and test the solution as in (27). 

(19). Iron. — Boil the other three-fourths of the filtrate 
from the CoS and NiS in a porcelain dish to expel H2S. 
Add a few drops of dil. HNO3 to oxidize FeClj to FcaCU 
and evaporate nearly to dryness. Put a drop of KCNS 
on a watch glass and add to it by means of a clean glass 
rod, a drop of the solution. A red color is caused by 
Fe2(CNS)6. Whether the iron was originally present as 
a ferrous or a ferric salt must be determined by testing 
the original solution in HCl with KCNS and with 
KsFeCeNe. 

(20). Aluminum. — To the remainder of the solution add, 
if necessary, enough FcjCU to combine with the phos- 
phoric acid present, so that a drop of the solution will 
give a yellowish and not a white precipitate when 
mixed with NH4OH in a watch glass. Nearly neutralize 
the free acid with Na^COs. (If an excess is accidentally 
added, dissolve the precipitate formed in a few drops of 
dil. HCl). Add BaCOa to the cold solution, shake 
repeatedly, and allow to stand until the solution above 
the precipitate is colorless. Filter and wash. The 
filtrate may contain MnCla, ZnCla and MgClg, and always 
contains BaCl2 Treat it by (22). The precipitate may 
contain Al, Cr and Fe as basic salts. Boil it in a porce- 
lain dish with NaOH, filter and treat the precipitate, 
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which will contain the chromium and iron, by (21). 
To the filtrate add dil. HCl to acid reaction, then 
NH4OH to alkaline reaction and warm. A white floccu- 
lent precipitate should be Al2((OH)6. However, the 
NaOH is rarely so pure but a precipitate will be obtained, 
even in the absence of Al. An equal quantity of the 
NaOH should, therefore, be acidified with dil. HCl and 
the solution treated with NH4OH as above. If a pre- 
cipitate is obtained, it will usually be possible, by com- 
paring the character and amount of the two precipitates, 
to determine whether Al was present or not. 
(21). Chromium — Fuse the precipitate on platinum foil 
with two parts of NagCOg and two parts of KCIO3. Boil 
the fused mass with a little water and filter. If the fil- 
trate is yellow, KjCrO* is present. Whether the chro- 
mium was present as an acid or a base may be known 
by the color of the original solution. 

(22). Manganese. — To the filtrate containing MnCla and 
ZnCla add a drop of dil. HCl and boil in a porcelain 
dish to expel CO,. Add NH4OH and (NH4).,S. A pre- 
cipitate may contain ZnS and MnS. Filter and wash. 
Treat the filtrate by (24). Dissolve the precipitate in 
cold dil. HCl (a residue of CoS or NiS may be treated by 
(17). Boil till H2S is completely expelled, cool and add 
NaOH in excess. A precipitate may contain Mn(0H)2. 
Filter and treat the filtrate by (23). Test the precipi- 
tate with a Na^COa bead in the 0. F. If a green bead 
is obtained it contains sodium manganate, Na2Mn04. 

(23). Zinc— Pass H.,S through the solution in NaOH ob- 
tained in (22). A white precipitate is ZnS. 

(24). Magnesium. — Add to the filtrate from the MnS 
and ZnS, dil. H2SO4 and boil to precipitate the Ba. Fil- 
ter, and to the filtrate add NH^OH and (NHO.2CA. If a 
precipitate of Ca(C204) forms, filter and test the filtrate 
for Mg with Na^^HPO*. See (28) for the properties of 
the precipitate. 
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GROUP IV. 
Am/monium Carbonate Group. 

To this group belong Barium, Strontium, and Cal- 
cium. The carbonates of the metals of the group are 
insoluble in NH^OH in the presence of NH4CI. Magne- 
sium carbonate is also insoluble in water but is soluble in 
NH4CI. 

The hydroxides of the metals of the group are soluble 
with difficulty in pure water or in NaOH or KOH, (Mg(0H)2 
is almost insoluble), but are quite readily soluble in the 
presence of ammonium salts. 

PRELIMINARY EXPERIMENTS. 

Barium. — Use a solution of BaClj. Add (NH4)2C08, 
warm, filter, dissolve in C,H40j and to a small portion of the 
solution add CaSO*. Notice whether the precipitate of BaSO* 
is formed immediately or slowly. To the remainder of the 
solution add KaCr^OT. The precipitate is BaCrO*. Filter 
and test the filtrate for Ba with NH4OH and (NHO^COs. 
Dissolve the BaCrO* in dil. HCl and add dil. H2SO4. 

Strontium.— Use a solution of SrCl,. Add (NH4)2C08, 
warm, filter, dissolve in CJH4O2 and add CaS04 to a small 
portion of the solution. Warm, if necessary, and notice 
the difference between the conduct of Ba and Sr. To the 
remainder of the solution add KaCrxOj, then NH4OH and 
(NH4)2C03, filter and wash. Dissolve the SrCOa in C2H4O2 
and test a small portion of the solution with CaS04 and 
warming. To the remainder add (NH4).2S04, boil for some 
time, filter and test the filtrate with NH4OH and (NH4)2C204. 
If the SrCl.2 used was free from Ca, no precipitate should be 
obtained. 

Calcium. — Use a solution of CaCla. Try the same ex- 
periments as with strontium. The last precipitate is calcium 
oxalate, CaC204. 

If a spectroscope is available, study carefully the spectrum 
of each metal of the group. 
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ANALYSIS. 

IV. — Ammonium Carbonate Group. 

(25). — To a small portion of the solution add NH4C1^ 
if no ammonium salt is present, then NH4OH and 
(NH4)2C03 and warm. 

a. No precipitate forms. Absence of more than 
traces of Ba, Sr, or Ca. Divide in two portions. 
To one add a drop of (NH4)2S04 and warm. A 
precipitate is BaSO^. To the other add (NH4)2C204 
and warm. A precipitate is CaC204. If either is 
formed, treat the main solution with the same rea- 
gent, warm, filter and treat the filtrate by (28). 

b. A precipitate may contain BaCOs, SrCOa or CaCOa. 
Treat the whole solution in the same manner as the 
sample, warm, filter and wash. Remove traces of 
Ba and Ca from the filtrate by adding a few drops 
of (NH4)2S04 and (NH4)2C204, warming and filter- 
ing. Treat the filtrate by (28). Dissolve the car- 
bonates on the filter with acetic acid, and test the 
solution as follows : 

(26). To one-fourth of the solution add a few drops of 
dil. HCl and evaporate to dryness in a porcelain dish. 
Dissolve in a drop of water and test with the spector- 
scope using a clean platinum wire. 

(27). Add to a small portion of the solution in acetic 
acid, CaSOi. 

a. No precipitate forms even after some time and warm- 
ing. Ba and Sr are absent. Confirm the presence 
of Ca by adding to the remainder of the solution, 
(NH4)2C204. A white pulverulent precipitate is 
CaC204. 

b. A precipitate forms immediately. Ba is present. 
Add to the remainder of the solution K^CrJO-i and 
filter. The filtrate must be yellow. Add to it 
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NH4OH and (NH4)jC08. A precipitate may con- 
V tain SrCOa and CaCOs. Warm, filter, wash and 
dissolve in CzHiOj. To a small portion of the 
solution add CaSO* and boil. If a precipitate of 
SrS04 forms, treat the remainder of the solution 
as in c. If Sr is absent, test the remainder of the 
solution for Ca with NH4OH and (NH4)2CA. 

c. A precipitate forms slowly or after warming. Ba is 

j absent. Sr is present. Add to the remainder of 

/ the solution (NH4)2S04 and boil for some time. 

Filter and test the filtrate with NH4OH and 

(NH4)2C204. A precipitate is CaC204. 



GROUP V. 

Soluble Group. 

To this group belong Magnesium, Sodium, Potas- 
sium and Ammonium. The chlorides, hydroxides, sul- 
phides and carbonates of the metals of this group are solu- 
ble in NH4CI in the presence of ammoninum salts. There 
is no common precipitant for the group and very few insol- 
uble salts of the last three metals are known. 

PRELIMINARY EXPERIMENTS. 

Magnesium. — Use a solution of MgClz or Mg(N03)2. 
Add to a small portion, NH4OH, NH4CI and Na,HP04. The 
precipitate is MgNH4P04. To another portion add Ba(0H)2. 
The precipitate is Mg(0H)2. 

Sodium. — Use a solution of NaCl. Test in the flame. 
Add one drop of a solution of NaCl to ten drops of a solu- 
tion of KCl and test in the flame. 

Potassium. — Use a solution of KCl. Test in the flame 
using a clean platinum wire. To a few drops of the solu- 
tion in a watch glass add a few drops of a solution of PtCl4, 
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(the solution really contains chloro-platinic acid HaPtCU), 
evaporate to dryness on a water bath and take up with a 
little water. The yellow crystalline precipitate is KzPtCle, 
potassium chloro-platinate. 

Ammonium. — Use a solution of NH4CI. Test a few drops 
with PtCU as directed under potassium. The precipitate is 
(NHOiPtCle. Evaporate a little of the NH4CI solution to 
dryness in a porcelain dish and heat the residue. Warm 
another portion with NaOH in a test tube. Notice the odor, 
the reaction of the gas gi\\!:n off, and the fumes when a rod 
dipped in cone. HCl is held at the mouth of the tube. The 
gas is NHs. 



ANALYSIS. 

V.Soluhle Group. 

(28). Magnesium. — If the solution has become dilute by 
the addition of reagents, concentrate it by evaporation 
in a porcelain dish and filter, if necessary. To a small 
portion of the solution add NH4CI, NH4OH and Na2HP04. 
If n(5 precipitate forms at once, shake vigorously 
and rub the inside wall of the test tube to aid in the 
formation of the white chrystaline precipitate of 
MgNH4P04. A white flocculent precipitate of AIPO4 is 
sometimes obtained, but if this is filtered off, it will be 
found to be insoluble in C2H4O2, while the MgNH4P04 
is soluble and may be reprecipitated from the solution 
by NH4OH. 

(29). Sodium. — Evaporate the remainder of the solution 
to dryness in a small porcelain dish and ignite on a wire 
gauze or a triangle till ammonium salts are completely ex- 
pelled. Dissolve the residue in a few drops of water. Dip 
in the solution a platinum wire which has been carefully 
cleaned and held in the flame till it no longer imparts 
to it any color, and test in the flame. If a violet flame 
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is obtained K is present and Na is absent. If the flame 
is yellow, Na is present, but the test is so delicate that un- 
less the flame is brilliant it is probably an accidental 
impurity. If Na is found, or if the results of the flame 
test are unsatisfactory, test the solution for K by (30), 
if Mg is absent. If Mg is present, add Ba(0H)2 to al- 
kaline reaction, filter, add NH4OH and (NH4)2C08,warm, 
filter from the BaCOs, evaporate the filtrate to dryness, 
ignite on wire gauze till ammonium salts are completely 
expelled, and test by (30). 

(30). Potassium. — Dissolve the residue in a few drops of 
water, filter, if necessary, through a small filter into a 
watch glass, add a few drops of PtCl* and evaporate to 
dryness on a water bath. Dissolve the residue in a little 
water and gather any precipitate which remains undis- 
solved by tipping the glass slightly in difierent direc- 
tions. A heavy, yellow crystalline precipitate is KaPtClfl. 
If hydriodic acid is present, a dark red solution 
will be obtained on taking up with water, but if a few 
drops of aqua regia are added and the solution evapo- 
rated again, the difficulty will be removed. 

(31). Ammonium. — Test the original substance for NH4 
by putting a portion of it in a beaker and adding NaOH 
to alkaline reaction. Cover the beaker with a watch 
glass, on the lower side of which is placed a moistened 
slip of red litmus paper, and warm gently but do not 
boil. If the litmus turns blue it is caused by NH3. If 
much ammonium is present, the odor of NHs will be 
perceptible. 
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REACTIONS OF THE METALS. 
Cfroup I. 



Reagent. 


Silver. 

(AgNOa.) 


Mercury (oue). 

(HgNO,). 


Lead, 
Pb(NO,),. 


HydrochlorlcAcid. 
HCI. 


Silver Chloride. 
AgCl. 
White pr., Insol. in 
acids, soluble in 
NH.OH, in KCN, 
in Na,S,0,. Dark- 
ens in the Ught. 


Mercurous Chloride. 
HgCl. 

White pr. Sol. in 
HNO3, in aqua re- 
gia. Converted 
to Hg.NH.Cl by 
NH4OH. 


Lead Chloride. 
PbCla. 
WTiite pr., slightly 
soluble in cold 
water, more easily 
in hot water. Con- 
verted to an insol- 
uble basic salt by 
NH4OH. 


Hydrogen Sul- 
phide. 
H,S. 


Silver Sulphide. 
Ag,S. 
Black pr., insol. in 
(NIl4)aS. Sol. in 
hot HNO,. 


Mercuric Sulphide 

and Mercury. 

HgS-fHg. 

Black pr., partly sol. 

in HNO3. Sol. in 

aqua regia. 


Lead Sulphida. 
PbS. 
Black pr., insol. in 
(NHXs. SoL in 


Sulphuric Acid. 
H,SO,. 


Silver Sulphate. 
Ag^SO*. 
WTiite precip., only 
in concentrated so- 
lutions. 


Mercurous Sulphate. 

Hg,S04. 
White pr., slightly 
sol. in water. 


Lead Sulphate. 

PbSO*. 

White pr.. insol. in 

excess, slightly sol. 

HNO3. Soluble In 

(NHj,C,H,0.. 


Sodium Hydrox- 
ide. 
NaOH. 


Silver Oxide. 

Ag,0. 

Brown pr., sol. in 

HNO3. in NH4OH. 


Mercurous Oxide. 

Hg,0. 

Blark pr., soluble in 

HXO3, insol. in 

NH4OH. 


Lead Hydroxide. 
Pb(OH),. 
White pr. Sol. in'ex- 
cess. in HNO3, in- 
sol. in NH^OH. 


Ammonium 

Hydroxide. 

NH4OH 


Silver Oxide. 
Ag,0. 
Brown precip., solu 
ble in excess. 


Mercurous amido 
Salt. 
Black precip., insol. 
in excess. 


Basic Salt. 
WTiite pr., insol. in 
excess. 


Sodium Carbonate. 
NajCOj. 


Silver Carbonate. 

AgaCOa. 

White precip., solu- 
ble in NH4OH. 


Basic Salt. 

Yellow pr., quickly 

becoming black. 


Basic Lead Carbon- 

2PbC03Pb(0H),. 
W^hite pr., -White 
Lead." 


Potassium 

Chromate. 

K.CrO,. 


Silver Chromate. 

Ag-Cr04. 

Dark red precip., 

soluble hi HNO„ 

in NH4O H. ^ 


Basic Chromate. 
Dark red pr., slightly 
sol. in HNO,. 


Lead Chromate. 

PbCrO*. 

Yellow pr. Slightly 

sol. in^N03. Sol. 

in NaOH. 


Potassium 

Ferrocyanide. 

K^FeCsNs. 


Silver Ferrocyanide. 

Ag^FeCeNe. 
White precip., in- 
soluble in NH4OH. 


Mercurous 
Ferrocyanide. 
Hg^FeCeNe. 
White precipitate. 


Lead Ferrocyanide. 

Pb,FeCeX. 
White precipitate. 


Stannous Chloride. 
SnCl,. 


Silver Chloride. 

AgCl. 

White precip. 


Mercury. 

Hg. 

Dark grey precip. 


Lead Chloride. 
PbCla. 
White precipitate. 
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Reagent. 


Mercury (ic). 
HgCl, 


Copper. 
CUSO4. 


Bismuth. 
BiCl 3. 


Cadmium. 
CdSO^. 


Hydrogen 
Sulphide. 


Mercuric 
Sulphide 

First white, then 
yellow, reddish 
brown and 
black pr., in sol. 
in HNO3. in 
(NHJaS. Sol. 
in aq regia, in 
Na,S+NaOH. 


Copper Sulphide 
"^^ CuS. 

Black pr., sol. in 
HNO3, in KCN. 
Very slightly 
sol. in (NHOaS. 
Insol. in hot 
dil. HaSO*. 


Bismuth 
Sulphide. 
BiaSa. 
Dark brown pr. 
sol. in HNO3, 
insol. in KCN 
or in (NH4)aS 


Cadmium 
Sulphide. 
(MS. 
Yellow pr. sol. 
in HNO3, in 
hot diluted 
HaS04, insol. 
in KCN, in 
(NH4).S. 


Sulphuric 
Acid. 
H,SO,. 


No precipitate. 


.No precipitate. 


Sometimes a 
pr. forms on 
long stand- 
ing. 


No precipitate. 


Ammonium 

Hydroxide. 

NH4OH. 


Mercuric Amido 
Chloride. 
HgNH^Cl 

White precip. 


Basic Copper 

ammonium salt. 

Greenish blue pr. 

sol. in excess to 

a blue solution 


Bismuthyl 
Hydroxide. 
BiO OH. 
White pr., in- 
sol. in excess. 


Cadmium 

Hydroxide. 

(k(0H),. 

White precip., 

sol. in excess. 


Sodium 

Hydroxide. 

NaOH. 


Mercuric Oxide. 
HgO. 

Yellow pr. In 
presence of 
NH4CI, white 
pr. of HgNHaCl 


Copper 

Hydroxide. 

Cu(OH\a. 

Blue pr. changed 

to black CuO 

by boiling. 


Bismuthyl 
Hydroxide. 

BiO OH. 
White precip. 


Cadmium 
Hydroxide. 
Cd(OH)a. 
White precip. 


Sodium 

Carbonate. 

NaaCOg. 


Mercuric 
Oxychloride. 
HgClo+nHgO. 
Reddish br. pr., 
changed to yel- 
low HgO by 
boiling. 


Rasic Copper 

Carbonate. 

Blue pr. changed 

to black CuO 

by boiling. 


Bismuthyl 

Carbonate. 

(BiO)aC03. 

White precip. 


Cadmium 
Carbonate. 
CdCOa. 
White precip. 


Potassium 

Chromate. 

KaCrO*. 


Mercuric 

Chromate. 

HeCr04. 

Reddish yellow 

pr., soluble in 

HNO3. 


Copper 

Chromate. 

CuCrO^. 

Reddish brown 

precip., sol in 

N H4O H to H 

green ^solution 


Bismuth 
Chromate. 
Bi,(Cr04)3. 
Yellow pr., sol. 
in HN'^Oa, in- 
sol. in KOH. 






Potassium 

ferrocyanide. 

K^FeCeNe. 




Copper 
Ferrocyanide. 
Cu^FeCeNe. 
Reddish brown 
pr. slightly sol. 
in NH4OH, in 
sol. in acids. 


Bismuth 
Ferrocyanide. 
White pr., in- 
sol. in HCl. 


Cadmium 
Ferrocyanide. 

CdaFeCeNe. 

Yellowish 
white p r e- 
cip., sol. in 
HCl. 


Stannous 

Chloride. 

SnCla. 


Mercurous 
Chloride. 
HgCl. 
White pr. An ex- 
cess of SnCls 
gives gray Hg. 


Cuprous 
Chloride. 

CUaCla. 

White precip., 
only in cone, 
solutions. 


Darkens a pr. 
of BiO Oil, 
changing i t 
to BiaOa. 






Water. 
H3O. 






Basic Bismuth 

Salt. 

BiOCl. 

White pr., sol. 

inHd. 
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Araen 


/C. 


Antimony, 


Reagent. 


Arseniois 

Salts. 

K,AsO,. 


Arsenic 

bALTS. 

KH^AsO*. 


Antimonious 
Salts. 
SbCl,. 


Antimonic 
Salts. 
KSbO, 


Hydrogen 
Sulphide. 

HgS. 


Arsenic 
trisulphide. 

ASgS,. 

Yellow pr., sol. 
in alkaUes and 
alkali sul- 
phides. Insol. 
in cone. HCl. 


Arsenic 
trisulphide 
and sulphur. 

A8,Sa+2S. 

Yellow precip. 
formi'g slow- 
ly and on 
warming. 


Antimony 
trisulphide. 

SbgS,. 

Orange pr. sol. in 
cone. HCl, in 
AlkaUes and al- 
kali sulphides. 


Antimony 
pentasulphide 

SbgS.. . 

Orange pr. sol. 
in cone. HCl, 
in alkalies 
and alkaU 
sulphides. 


Ammonium 
Sulphide. 

(NfijaS. 


Arsenic 
trisulphide. 
ASgSa. 
Only in acid so- 
lutions. Sol. 
in excess. 


Arsenic 
pentasulphide 

As,S.. 
Only in acid so- 
lutions. Sol. 
in excess. 


Antimony 
trisulphide, 
Sb^S,. 
Sol. in excess. 


Antimony 
pentasulphide 

SbgS.. 
Sol. in excess. 


Sodium 

Hydroxide. 

NaOH. 






Antimonious 
. Hydroxide. 

Sb(0H)3. 
White pr., sol. in 

excess. 


Sodium Met- 

antimonate. 

NaSb03. 

White pr. sol. 

in excess. 


Potassiufii 

Hydroxide. 

KOH. 






Antimonius 

Hydroxide. 

SbiOH), 










Ammonium 

Hytlroxide. 

NH4OH. 






Antimonious 

Hydroxide. 

Sb(0H)3. 

Insol. in excess. 


Ammonium 
Metantimo- 

nate. 

NH4Sb03. 

Nearly insol. 

in excess. 


Sodium 






Antimonious 

Hydroxide. 

Sb{0H)3. 

Sol. in excess on 

boiling. 




NEgCOa. 






Silver Nitrate. 
AgNOa. 


Silver Arsenite. 

AggAsOa. 
Yellow pr., sol. 

inHNOa, in. 

NH4OH. 


Silver Arsenate 

Reddish brown 
pr., sol. in 
HNO3, in 
NH4OH. 


Silver Chloride 

and Antimony 

trioxide. 

AgCl-fSb.Oa 

White precfp. 


Silver 
'Antimonate. 

AgaSbO*. 

White pr., sol. 

in NH4OH. 


Copper 

Sulphate. 

CUSO4. 


Copper Arsenite. 
CuHAsOa. 

Yellowish green 
pr.sol.inHNOa, 
in NH4OH, in 
NaOH. 


Copper 
Arsenate. 
CUHASO4. 
Greenish blue 
pr. soluble in 
HNO3, in 
NH4OH. 


Antimony 

Oxychloride. 

SbOCl. 

White pr. caused 

by dilution. 


Copper 

Antimonate. 

Brown precip. 


Mercuric 
Chloride. 

HgClg. 


Mercuric 

Arsenite. 

Hg3(As03),., 

White pr., sol. in 

acids. 




Antimony 
Oxychloride. 
Caused by dilu- 
tion. Sol. in 
cone. HCl. 








Stannous 
and Stannic 










Chlorides. 
SnCla-fSnCl*. 








Magnesia 

Mixture. 

NH^a, 

NH^OH.MgSO^ 




Magnesium 
Ammonium 
Arsenate. 
MgNH4As04. 
White crys.pr., 
sol.in C,H40, 


Same pr. as by 
NH4OH. 


Same precip. as 
byNH40H. 


Metallic Zinc 

and 
Hydrochloric 

Acid. 
(Marsh's test.) 


Hydrogen and Hydrogen 
Arsenide. 
The flame deposits a spot on por- 
celain. Sol. in sodium hypo- 
chlorite. Sol. in (NHJgS. On 
evaporation the yellow residue 
is insol. in rone. HCl. 


Hydrogen and Hydrogen 
Antimonide. 
The flame deposits a spot on i)or- 
celain. Insol. in sodium hy- 
pochlorite. Sol. in (NH4)flS. On 
evaporation the orange residue 
is sol. in cone. HCl. 



Sub-Gr. B. 
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Tin. 


Platinum. 

PtCl4. 




Stannous Salts. 
SnCla. 


Stannic Salts. 
SnCl*. 


Gold. 

AUCI3. 


Stannous Sulphide. 
SnS. 

Dark brown j)r., sol. 
in cone. HCl. in 
alkalies. Difficult- 
ly sol. in yellow 
(.NHJ,S. 


Stanic Sulphide. 
SnSa. 
Yellow pr., sol. in 
cone. HCl. in alka- 
lies and alkali 
sulphides, in alka- 
li carbonates. 


Platinic Sulphide. 
PtS,. 
Dark brown pr., in- 
sol. in cone. HCl. 
Difficultly sol. in 
alkali sulphides. 
Sol. in aqua regia. 


Gold Sulphide. 

AUaSg. 

Black pr. insol. in 
cone. HCl. Sol. 
in a 1 k a 1 i sul- 
phides, sol. in 
c^ua regia. 


Stannous Sulphide. 

SiiS. 
Sol. in yellow 

(NH,),S. 


Stannic Sulphide. 

SnSg. 

Sol. in excess. 


Platinic Sulphide. 

PtSa. 

Sol. in excess. 


Gold Sulphide 

Au,S3. 
Sol. in excess. 


Stannous Hydroxide 

Sn(OH)«. 
White pr., sol. in ex- 
cess. 


Stannic Hydroxide. 

Sn(0H)4. 
White pr., sol. in ex 
cess. 






Stannous Hydroxide 
Sn(OH),. 


Stannic Hydroxide. 
Sn(0H)4. 


Potassium 
Chloroplatinate. 

KaPtCl«. 

Yellow pr. in pres- 
ence of free HCl. 




Stannous Hydroxide 

Sn(OH)a. 

Insol. in excess. 

Darkens on boiling. 


Stannic Hydroxide. 

Sn(0H)4. 
Slightly sol. in ex- 
cess. 


Ammonium 

Chloroplatinate. 

(NH4T,PtCl,. 

Yellow pr., sol. in 

great excess. 


Fulminating Gold. 

AUa032NH3. 
Yellow pr., insol. 
in excess. 


Stannous Hydroxide 

Sn(OH)a. 
Insol. in excess. 


Stannic Hydroxide. 

Sn(0H)4. 
Insol. in excess. 






Silver Chloride and 

Silver. 

AgCl-fAg. 


Silver Cloride. 
AgCl. 


Silver Chloride and 
Platinum Oxide. 
AgCl+PtOj. 
Brown precipitate. 


Silver Chloride 
and Gold Oxide. 

AgCl+AUsOa. 

Brown precipitate. 


Cuprous Chloride. 
CUaClj. 
White pr., sol. in 
acids. 








Mercurous Chloride. 

HgCl. 
White pr., insol. in 
cold cone. HCl. 




^ 










Purple of Cassius. 

Purple red precip. 

or coloration. 






Same nrecip. as by 
NH4OH. 


Same precip. as by 
NH4OH. 


Same precip. as by 
NH4OH. 


Same precip. as by 
NH4OH. 


Metallic 


Tin. 

In neutral solution, 
also Stannic Hy- 
droxide. 


Platinum. 
Black precipitate. 


Gold. 
Brown precipitate. 
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Group 



Reagent. 


Aluminium 

A1,K,(S0J4. 


Chromium, 

Cr,Ka(SOJ, 


Uram'um 

UO,(NO,).. 


Ferric Salts. 
FeaCl«. 


Ammonium 
Sulphide. 


Aluminium 
Hydroxide. 

Al,(OH)e. 

White floccu- 
lent pr. 


Chromium 
Hydroxide. 

^ Or.(OH)e. 

Grayish green 
pr. 


Uranyl Sul- 
phide. 
UO,S Dk. br. pr, 
somewhat sol. 
in exc. of col- 
orle8s(NH4)aS. 


Iron Sulphide 
FeS(+S). 
Black pr. Sol. in 
acids to a fer- 
rous salt. 


Hydrogen 

Sulphide. 

H9S. 








Reduced to a fer- 
rous salt with 




separation of 
sulphur. 


Ammonium 

Hydroxide. 

NH4OH. 


Aluminium 
Hydroxide. 
A1,(0H)«. 
White floccu- 
lent pr. very 
slighly sol. in 
excess. 


Chromium 

Hydroxide. 

Cr-(OH),. 

Grayish blue or 

green precip. 

slightly sol. in 

excess with a 

red color. 


Ammonium 
Uranate. 

(NHJaU.O,. 

Yellow pr. 


Ferric Hydrox- 
ide. 
Fe,(OH)e 
Reddish brown 
pr. insol. in ex- 
cess. 


Sodium 

Hydroxide. 

NaOH. 


Aluminium 
Hydroxide. 
AlaCOH).. 
White pr.80l.in 
excess as 
NaaAlOa. 


Chromium 
Hydroxide. 
Cr,(OH).. 
Sol. In exess to 
a green sol. 
r e precipitated 
by boiling. 


Sodium Uran- 
ate. 
NajUaO,. 
Yellow pr. sol. 
in( NHJaCOa. 


Ferric Hydrox- 
idef 
Fe,(OH), 
Reddish brown 
pr. insol. in ex- 
cess. 


Barium 

Carbonate. 

BaCOa. 


Aluminium 
Hydroxide. 

Wfiite pf. 


Basic Salt. 
Greenish pr. 


Uranyl Hydrox 
ide. 

UO-(OH)a 

\ ellow pr. 


Basic Salt. 

Reddish brown 

pr. 


Sodium 
Phosphate. 
Na,HP04 


Aluminium 
Phosphate . 
A1K>4. 
Whitepr.sol.in 
NaOfi. insol. 
in CaH*©,. 


Cromium 
Phosphate. 

Cr#04. 
Green pr. 


Uranly Phos- 
phate. 
UO-HPO. 
Yellowish white 
pr. 


Ferric Phos 
phate. FePO,. 
Yellowish white 
pr. sol. in ex- 
cess. Insol in 

CaH^Oa. 


Ammonium 
Carbonate. 
(NH,),C03. 


Aluminium 
Hydroxide. 

AU(OH)e. 

White pr. 


Cromium 

Hydroxide. 

Cr»(OH)e. 

Grayish green 

pr. sol. excess. 


Ammonium 
Uranyl Carbon- 
ate 2(>f HJaCO, 
+tJOaCOs. 

Yellow pr. sol. 
in excess, re- 
precipitated by 


Basic Salt. 

Reddish brown 

pr. 


Potassium 

Ferrocyanide 

K^FeCeNe. 


White pr. forms 
slowly. 




Uranyl Potassi- 
u m Ferrocyan 
ide K.FeeN^ + 

Redms^ brown 
pr. 


Ferric Ferrocy- 
anide. 

Fe4(FeC.Ne)». 
Dark blue pr. 

insol. in HCl. 

D e c m p osed 

by NaOH. 




Potassium 
Ferricyanide 
KsFeCsNe. 








Reddish brown 
color. 


Potassium 

Sulphocya- 

nate. 

KCNS. 






Red color. 


Blood red solu- 
tion. 
Fea(CNS)e. 
Most delicate 
with HCl. 


Borax bead. 




Yellowish green 

hot. 

Emerald green, 

cold. 


Y^ellow in 0. F. 
Green in R. F. 


Yellow in 0. F. 
Green in R. F. 



III. 
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Ferrous Sa/ts, 
FeSO*. 



Cobalt, 
C0CI3. 



Nickel. 

NiClo. 



Manganese. 

MnSO*. 



Zinc. 
ZnSO*. 



Iron Sulphide. 

FeS. 

Black pr. sol. in 

HCl, in 
CaH.O,. Oxidi- 
zes in the air. 



Cobalt Sulphide. 
Cos. Black pr. 
insol. in C2H4 
Oo, almost in- 
sol. in HCl. Sol 
in aq. reg. 



Nickel Sulphide. 

NiS. Black pr. 
slightly sol. in 
excess. Almost 
insol. in HCl. 
Sol. in aq. reg. 



Manganese Sul- 
phide. MnS 
Flesh col'd 
pr.soLinHCl. 
in C, H4 O2. 
Oxidizes i n 
the air. 



Zinc Sulphide. 
ZnS. 

White pr. in- 
sol. in CjH* 
O3. Sol. in 
HCl. 



No pr. in acid so 
lution. 



Cobalt Sulphide, 
Only in neutral 
or alkaline so- 
lutions. 



Nickel Sulphide. 
Only in neutral 

or alkaline so 

lutions. 



Manganese Sul- 
phide 

Only in neutral 
or alkaline 
solutions. 



Zinc Sulphide. 

Only in neutral 
alkaline or 
acetic acid 
solution. 



Ferrous 
Hydroxide. 
Fe(OH)a. 
White pr. be- 
coming green 
and reddish 
brown. In 

Sresence of 
4CI, Fe2(0H)6 
forms slowly 



Basic Salt. 
Blue pr. sol. in 
excels to a red 
sol. In pres 
ence of NH4 CI 
nopr. 



Nickel Hydrox- 
ide. 
Ni(0H)2. 
Green pr. sol. in 
excess to a 
blue sol. in 
presence of NH4 
CI no pr. 



Manganese Hy- 
droxide. 
Mn(0H)3. 

White pr. be 
coming bro'n. 
In pres'noe of 
NH^Cladark 
brown pr. 
forms slowly 
by oxidation 



Zinc Hydrox- 
ide, Zn (OH),. 
White pr. sol. 
in excess. In 

Sr e s ence of 
H4CI no pr. 



Ferrous 
Hydroxide. 
Fe (0H)2. 
White pr. becom 
ine green and 
reddish brown, 
insol. in ex 



Basic Salt. 

Blue pr. insol. in 

excess. Sol. 

in CoH^Oa, in 

NH4OH. 



Nickel Hydrox- 
ide. 
Ni(0H)3. 
Apple green pr. 
insol.in excess, 
sol. in C0H4O9. 
in NH4OH. 



Manganese Hy 
droxide. 
Mn(OH)a. 
White pr. be- 
coming bro'n. 
Insol. in ex 



Zinc Hydrox- 
ide Zn (0H)2. 
White pr. sol. 
in excess. 
Re-precipi- 
tated by boil- 
ing. 



No pr. in the 
cold except in 
the presence of 
a sulphate. 



No pr. in the 
cold except in 
presence of a sul- 
phate^ 



No pr. in the 
cold except in 
presence of a sul- 
phate^ 



No pr. in the 
cold except in 
presence of 
sulphate. 



No pr. in the 
cold except in 
presence of a 
sulphate. 



Ferrous Phos- 
phate. 
„,^Fe3(P04),. 
White pr. becom 

ing blue in the 

air. 



Cobalt Phos- 
phate. 

C03(P04).. . 

Red pr. sol. in 
NH4OH. 



Nickel Phos- 
phate. 
Ni^(P04)a. ^ 
Green pr. sol. in 
NH4OH. 



Manganese 
Phosphate. 
Mn3CP04), , 
White pr. sol. 
in NH4OH. 



Zinc Phosphate 
Zn3(P04),. , 

White pr. sol. 
in excess. 



Ferrous Carbon- 
ate. 
FeCOs. 
White pr. sol. in 
excess. 



Basic Carbonate. 

Pink pr. sol. in 

excess. 



Basic Carbonate. 
Green pr. sol. in 
excess. 



Manganese 

Carbonate. 

MnCOa. 

White pr. in 

sol. in excess, 



Basic Zinc Car- 
bonate. 
White pr. sol. 
in excess. 



Potassium Fer- 
rous Ferrocy- 
anide. 

KaFe^CeNe. 

Bluish white pr. 
becoming blue 



Cobalt Ferrocy- 
anide. 

COaFeCfiNe. 

Green pr. becom- 
i n g |;reenish 
blue, insol in 
HCl. 



Nickel Ferrocy 
anide 

NiaFeCeNe. 

Greenish white 
pr. insol. in 



CI. 



Manganese 
Ferrocyanide. 

Mn»FeCeNe. 
Reddish white 

precip. sol.in 



Zinc Ferrocy- 
anide. 

ZUaFeCeNe 

White pr. sol. 
in HCl. 



Ferrous Ferri 

cyanide. 

Fe3(FeCeNe),. 

Dark blue pr. in- 



sol. in HCl. 
Decomposed 
NaOH. 



by 



Cobalt Ferricy- 
anide. 

C03(Fe(JeN«)a. 
Dark brown pr. 

insol. in HCl. 



Nickel Ferricy- 

anide. 

Ni3(FeCeN6)a. 

Yellowish green 

Er. insol. in 
[CI. 



ManganeseFer- 

ricyanide. 

Mn3(FeCeNe)a. 

Brown pr insol. 

in HCl. 



Zinc Ferricyan- 

ide. 
Zna(FeC.Ne)2. 
Yellowish br'n 
pr. sol. in HCl. 



No color. 



Yellow in O. F. 
Green in R. F. 



Blue. 



Violet, hot. 
Reddish brown, 
cold, gray and 
turbid in R. F. 



Violet red, hot. 

Amethyst red, 
cold. Color- 
less in R. F. 
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Group IV. 



Reagent. 


Barium. 
BaCl,. 


Strontium. 

SrCl,. 


Calcium. 

CaCl,. 


Magnesium. 

MgSO*. 


Ammonium 
Carbonate. 
(NH,),CO,. 


Barium Carbon- 
ate. 

BaCO,. 
White pr. sol. in 

acids. 


Strontium Car- 
bonate. 

SrCOa. 
White pr. sol. in 

acids. 


Calcium Carbon- 
ate. 

CaCO,. 
White pr. sol. in 

acids. 


Basic Magnesium 

Carbonate. 

MkC0,4- 

nMg(OH),. 

White pr. on 

warming and 

in absence of 

NH4 salts. 


Sodium Hy- 
droxide. 
NaOH. 


Barium Hydrox- 
ide. 
Ba(OH).; 
White pr. only in 
cone, solutions. 


Strontium Hy- 
droxide. 
Sr^OH),. 
White pr. diffi- 
cultly sol. in 
water. 


Calcium Hy- 
droxide. 
Ca(OH),. 
White pr. diffi- 
cultly sol. in 
water. 


Magnesium Hy- 
droxide. 
Mg(OH),. 

White pr. sol. in 
NH4CI. 


Ammonium 

Hydroxide. 

NH4OH. 


No pr. 


No pr. 


Nopr. 


Magnesium Hy- 
droxide. 

Sol.fnNHjci. 


Sulphuric 
Acid. 
H,S04. 


Barium Sul- 
phate. 
feaSO*. 
White pr. insol. 

in water or in 

acids. 


Strontium Sul- 
phate. 
SrSO*. 
White pr. very 
little sol. in 
water or In 
(NH,),SO,. 


Calcium Sul- 
phate. CaSO^. 
White pr. some- 
what sol. in 
water. Sol. in 
(NH4)aS04. In- 
sol. in alcohol. 


• 




Ammonium 

Oxalate. 
(NH4),C,04. 


Barium Oxalate. 

BaC.O*. 

White pr. sol. in 

Ha, slightly sol. 

in C.H^O,. 


Strontium Oxa- 
late. 
SrC.O*. 
White pr. sol. in 
HCl, slightly 
sol. in C^H^O,. 


CalciumOxalate. 
CaCaO*. 

White pr. sol. in 
HCl, almost in- 
sol. in CaH40a 
or H.C.O*. 


No precipitate 
in dilute solu- 
tions. 


Potassium 
Pyrochro- 

mate. 
K,Cr,0,. 

• 


Barium Chro- 

mate. 

BaCrO.. 

Yellow pr. Insol. 

in C,H»Oa in 

presence of 

KjCr.Or. Sol. 

in nil. 








Hydrofluosi 

licic Acid. 

H,SiFe. 


Barium Fluosili- 
cate. 

BaSiFe. 
White pr. insol. 

in HCl. 












Sodium 
Phosphate. 
Na,HPO-. 


Barium Hydro- 
gen Phosphate. 

BaHPO*. 

White pr. sol. in 

acids. 


Strontium Hy- 
drogen Phos- 
phate. 
SrHPO*. 
White pr. sol. 
in acids. 


Calcium Hydro- 
gen Phosphate. 

CaHPO*. 

WTiite pr. sol. in 

acids. 


Magnesium Hy- 
drogen Phos- 
phate. 
MgHPO^. 

White pr. In 
presence of 
NH4OH and 
NH4 CI a white 
cryst. p r. of 
MgNH.PO. is 
formed. Sol. in 
C^H^O,. 


Flame. 


Yellowish green. 


Bright red. 


Yellowish red. 
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Group F« 



Reagent. 


Lithium. 

LiCl. 


Ammonium. 

NH4CI. 


Sodium. 
NaCl. 


Potassium. 
KCl. 


Sodium Car 
bonate. 
NaaCOg. 


Lithium Car- 
bonate. 
LiaCO,. 
White pr. slight- 
ly sol.in water. 


Ammonia. 

NH3. 
On boiling. 










Sodium 
Phosphate. 
NaaHPO*. 


Lithium Phos- 
phate. 
LiaPO^. 
White pr. slight- 
ly sol. in HaO. 
Sol.inHCl. 




• 








Platinic 
Chloride 




Ammonium 
Chloroplatinate. 

(NHjaPtCls. 
Yellow pr. slight 
ly sol. in water. 
Insol. in alco- 
hol. 




Potassium 
Chloroplatinate. 

KaPtCle. 

Yellow precip. 

slightly sol.in 

water, insol. in 

alcohol. 


PtCU. 
(HaPtCle.) 






Tartaric 
Acid. 

H,C,H,Oe 




Mono- Ammoni- 
um Tartrate. 
NH^HC4H406 

White cryst. pr. 
on shaking. 
Slightly sol. in 
water. 




Mono-Potassium 

Tartrate. 

KHC^H^Oe. 

White cryst. pr. 

on shaking and 

rubbing. Some- 

what sol. in 

water. 


Potassium 
Pyroantimo- 






Sodium Pyroan- 
timonate. 

NaaHaSbaOy. 
White cryst. pr., 

best in slightly 

alkaline solu 

tions. 




nate. 
HaKaSbaO,. 








Nessler's 
Reagent. 




Reddish brown 
pr, or yellow 
color, very del- 
icate. 






««^^l/+ 




Sodium Hy- 
droxide. 
NaOH. 




Evolves NH3 on 
warming. 












Hydrofluo- 

silicic Acid. 

HaSiFe. 






Sodium Fluosili- 
cate. 
NaaSiFe. 
White pr. some- 
what sol. in 
water. 


Potassium Fluo- 
silicate. 

K,SiFe. 






Transparent pr. 
slightly soLin 
H,0. 


Flame. 


Red. 




Yellow. 


Violet. 
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QUALITATIVE AXALYSIS. 

REACTION OF 
I,— Inorganic 





Barium Chloride. 


Calcium Chloride. 


Silver Nitrate. 


Sulphuric Acid. 


White pr. insol. in 
acids. 


Mhite pr. some- 
what sol. in water 
and in acids. 


White pr. only in cone 
solutions. 


Hydrofluosillclc 

Acid. 

H,SiF,. 


White pr. insol. in 
HCl. 






Sulphuroufl 

Acid. 

H,S03. 


White pr. sol. in HCl. 


White pr. sol. in 
HCl. 


White pr. decomposed 
by boiling into Ag, 
AgaSO* and SO.. 


Thiosulphuric 

Acid, 

(Hyposulphu- 

rous.) 

H,S,Os. 


White pr. only in cone, 
solutions. 




White pr. sol. in 
NaaSaOa* U e c ompofi- 




ed by boiling into 
HaSO* and black AgaS. 


Phosphoric Acid. 


White pr. sol. in acids. 


White pr. sol. in 
acids, eyeu in 
C,H,0,. 


Yellow pr. sol. in 
HNOa, in NH4OH. 


Pyrophosphoric 

Acid. 

H,P,0,. 


White pr. sol. in HCl. 


White pr. sol. in an 
excess of the py- 
rophosphate. 


White pr. sol. in HNO,, 
in NH4OH. 


Metapbosphoric 
Acidf. 
HPO,. 


White pr. sol. in. ex- 
cess 01 the metaphos- 
phate. 


White pr. 


Whitepr.sol.inHNOa, 
in NH4OH. 


Arsenic Acid. 
HjAsO*. 


WTilte pr. sol. in acids. 


White Dr. sol. in 
C.H,d;. 


Reddish brown pr. sol. 
in HNOa, in NH^OH. 


ArseniouB Acid, 
HaAsOa. 


White pr. sol. in acids. 


White nr. sol. in 
CaH,(5a. 


Yellow pr. sol. In 
HNOa, in NH4OH. 


Chromic Aclf . 
HaCrO*. f 


Yellow pr. sol. in HCl, 
in HNOa, insol. in 
C,H,0,. 




Dark red pr. sol. in 
HNOa. 


Boric Acid. 
HaBOaCHaB.O,.) 


White pr. difficultly 
sol. in water, sol. in 
acids. 


White pr. sol. in 
acids. 


Whitepr.sol.inHNOa, 
inNH^OH. 


Phosphorous 
Acid. 
H,PO,. 


White pr. sol. in 
C,H,0,. 


White pr. sol. in 
NH^Cl. 


White pr. but deposits 
black Ag on warm- 
ing. 


Silicic Acid. 

HaSiOa. 


White pr. 


WTiite pr. 


Yellow pr. sol. in cone, 
solutions, sol. in 
HNOa. 


Carbonic Acid. 

HaCOa. 


White pr. sol. in acids. 


White pr. 


Gray pr. sol. in HNO3. 
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THE ACIDS. 
Acids. 



Lead Acetate. 



Wh.pr.sol.inNaOH, 
in ammonium tar- 
trate, in am. acetate. 



White pr. 



White pr. on boiling 
becomes gray, 
PbS+PbSO*. 



White pr. sol. in 
NaOH, in sol. in 
NH4OH. 



White pr. sol. in an 
excess of the pyro- 
phosphate. 



WTiite pr. 



White pr. sol. in 
HNO3 in sol. in 
C.H^O,. 



White pr. sol. in 
HNO3 soluble in 
CaHA- 



Yellow pr. sol. in 
NaOH. 



White pr. sol. in ex- 
cess of the lead 
salt. 



White nr. insol. in 
CaH^d,. 



White pr. insol. in 
HNO3. 



White pr. sol. in 
HNO3. 



Characteristic Reactions. 



Sulphates when heated with NaaCOs in the reducing 
flame on charcoal give a hepar (NaaS), which blackens sil- 
ver, when moistened with water. 



The potassium salt is difllcultly soluble. Fluosilicates 
give with cone. HgSO*, HF and SiF^. 



Sulphites reduce starch iodide, or KMn04, give a hepar 
with NaaCOa on charcoal. Give SOj without separation of 
S, on warming with HCl. 



Gives on warming with HCl, SO3 and a pr. of S. Gives a 
hepar with NaaC03 on charcoal. NagSaO, dissolves Ag CI. 



Added to a solution of ammonium molybdate in HNO3, 
gives a yellow pr. of a ammonium phosphomolybdate ; 
MgS04-f NH^OH-f-NH^Cl precipitate white cryst, MgNH^PO* 



Does not coagulate albumen. Changed to HaPO* by boil- 
ing with HNO3. 



Coagulates albumen. Changed to H3PO4 by boiling with 
HNO3. 






Yellow jprecip. with (NH4)aMo04. White precip. with 
NH4Cl-f NTI40H -l-MgSO*. 



> Marsh's test gives an arsenic mirror. 






HaS precipitates yellow ASaS3 from the warm acid so- 
lution. 



Reduced to green CraCle by warming with HCl and al- 
cohol. 



With glycerine and cone. H2SO4 on Pt wire, colors flame 
green. Turmeric paper dipped in the HCl solution becomes 
red on drying. 



Reducing agent. Very concentrated solutions evolve PH, 
on heating. 



Evolves CO- with NajCOa bead. Gives a skeleton of SiO- 
with NaPOa Dead. SiOg separates on evaporating the acid 
solution to dryness. 



Effervesces with HCl giving COa which renders lime water 
turbid. 
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QUALITATIVE ANALYSIS. 

I. — Inorganic 





Barium Chloride. Calcium Chloride. 


- Silver Nitrate, 


Hydrofluoric Acid. 


White pr. sol. In 
HCl. 


White, gelatinous 
pr.. sol. hi HCl, In- 
sol. in C,H40,. 




Iodic Acid. 
HIO,. 


White pr. 80I. In 
HCl. 




White pr.. sol. in 
NH4OH: Reduced to 
Agl by SO,. 


Hydrochloric 
Acid. 






White pr., insol. In 
HNO,. soluble in 
NH^OH, iu KCN. 


HCl. 




Hydrobromic 
Acid. 






Yellowish white pr., 
difficultly sol. iu 


HBr. 




NH4OH. 


Hydriodic Acid. 
HI. 






Yellow precip . very 
difficultly sol. in 
NH«OH. 


Hydrocyanic Acid. 
HCN. 






White precip. sol. in 
NH^OH, in KCN. 




Hydroferrocyanic 
Acid. 






White pr. soluble in 
KCN, insoluble in 


H^FeCy.. 




HNO,. 


Hydroferricyanic 
Acid. 






Orange pr. sol. in. 
NH4OH, in KCN, in- 


H,FeCy.. » 




sol. in HNO3. 


Sulphocyanic 
Acid. 






White precipitate, dif- 
fi cu 1 tly sol. iu 


HCNS. 




NH4OH. 


Nitrous Acid. 






White pr. sol. in hot 


HNOa. 




water. 


Hypochlorous 
Acid. 






White pr. of Ag CI. 


HCIO. 






Hydrosulphuric 
Acid. 






Black precipitate, sol- 


HaS. 






uble m hot HNO3. 


Nitric Acid. 








HNO3. 






Chloric Acid. 
HCIO3. 
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Adda. 



Lead Acetate. 


Characteristic Reactions. 


White precipitate, sol 
in HNO,: 


With cone. HjSO* gives HF, which etches glass. 


White precipitate. 


With KI and CaH^O,, gives free I. 


White precipitate, sol 
uble m hot water. 


With HgSO* and MnO, gives CI. With cone. HaSO* and 
K,CraO, gives CrOaCl,. 


White precipitate, sol- 
uble in hot water. 


CI water liberates Br which dissolves in CS, to a reddish 
yellow solution. 


Yellow precipitate , 
soluble in hot water. 


CI water, or nitrous acid, liberates I, which dissolves in CS, 
to a yiolet red solution, or colors starch paste blue. 


White precipitate, 
soluble in HNO., 


After wanning with FeSO*. FeaCU and NaOH, on adding 
HCl, Prussian blue remains undissolved. When wanned 
with yellow (NH4)S, NH4CNS is formed. 


White precipitate. 


Gives Prussian blue with ferric salts. Gives a red precipi- 
tate with Cu Sails. 


No pr. in alkaline solu- 
tions, but on warm- 
ing PbOa is precipi- 
tated. 


Gives a dark blue precipitate with ferrous salts. 


White precipitate. 


Blood red color with FeoCU, which vanishes on adding 
llgCU. 


White pr. changing to 
orange, red and br'n 
on boiling. 


Gives with MnSO* a brownish black pr. of MnO,. 




Gives a yellow color with meta phenylene-diamine in acid 
solution. 


Black precip, sol. in 
hot HNO3. 


Sulphides give a hepar with NaaCOa. See sulphates. Solu- 
ble sulphides give a violet color with Sodium nitroprus- 
siate. 




Mixed with FeSO* and poured on cone. H,SO^. gives a dark 
red zone. Colors a solution of brucin in H.SO*, red. 




Chlorates deflagrate on charcoal. Added to cone. HaSO^ 
they give yellow CIO,. 
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II.— Organic 





Calcium Chloride. 


Silver Nitrate. 


Formic Acid. 
CO,Ha. 




White precipitate in cone, so- 
lutions, becoming dark from 
reduction to Ag. 


Acetic Acid. 




White precipitate, soluble In 
hot water. 


(:,H,0,. 




Oxalic Acid. 


White precipitate, insoluble 
in CaH^Oa. 


White precipitate, soluble in 
flNO,. 


Tartaric Acid. 
C.HeO.. 


White precipitate, soluble in 
NaOH, reprecipitated by 
boiling but dissolves again 
on cooling. 


White precipitate with alkali 
salte, soluble in HNO3 and 
in NH4OH. Precipitate or 
mirror of Ag on warming. 


Malic Acid. 

C.HeO.. 


White precipitate only in pres- 
ence of strong alcohol. 


White precipitate. 


Citric Acid. 
CeH.O,. 


White precipitate, less soluble 
in hot than in cold water. 
Insoluble in NaOH, soluble 
in NH4CI. 


White precipitate. 





Ferric Chloride. 


Silver Nitrate. 


Benzoic Acid. 
C\HeO,. 


Flesh colored precipitate, sol- 
uble in HCl. 


White precipitate, soluble in 
hot water. 


Succinic Acid. 
C,HeO^. 


Pale red precipitate. 


White precipitate. 

• 


Salicylic Acid. 
C^HeO,. 


Deep violet color. 


White precipitate, soluble in 
hot water. 


Gallic Acid. 
C,HeO«. 


Blue black precipitate. 


Reduces to metallic Ag. 


Tannic Acid. 
(Tannin.) 
C14H10O9. 


Blue black color. 


White precipitate. 



Acids. 



REACTIONS OF ACIDS. 
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Lead Acetate. 


Characteristic Reactions. 




Reducing agent, with cone. HjSO* gives CO. 




Gives with FeaCla a reddish brown solution and a precipi- 
tate on boiling. Alcohol and cone. HjSO^ gives ethyl ace- 
tate, CaHsOa CgHa. recognized by its odor. 


White pr. sol. in HNO3 
and in NH4OH. 


Heated with cone. HaSO* gives CO, and CO. With dil 
H,S04 and MnO, gives COa. 


White pr. sol. in 
NaOH. 


The acid K and NH* salts are difficultly soluble. 


White pr. which melts 
under boiling water. 




White pr. sol. in am- 
monium citrate. 


Tartaric, malic and citric acids prevent the precipitation 
of FeaCl, by alkalies. 



Lead acetate. 


Characteristic Reactions. 


White pr. 


Melts at 121°. 


AATiite pr. 


Melts at 180°. 


White pr. 


Melts at 156°. 




Melts at about 200°. The alkaUne sol. absorbs 0. 




Yellow pr. 


Amorphous, with an astringent taste. It precipitates a 
solution of glue. 



PART IL 



SYSTEMATIC ANALYSIS. 



Before beginning the analysis of an unknown substance 
the chemist should always consider the amount which he 
has at his disposal and how much he can use for each opera^ 
tion. Portions will be needed for the preliminary examina- 
tion, for the detection of metals and for the detection of 
acids, and such amounts should be used for each of these 
operations that at least one-third will remain for cases of 
accident and for confirmatory tests. 

Preliminary Examination. 

The object of the preliminary examination is to obtain, 
if possible, some indication of the character of the sub- 
stance under examination which shall enable the chemist to 
shorten the course of analysis. Thus, if a particular acid is 
indicated by the preliminary examination, the chemist can 
apply the test for that acid first and prove its presence or 
absence. Frequently much time may be saved in this way, 
but, in case the indications of the preliminary examination 
are not sustained by the special tests, it is usually advisable 
to apply the tests for the other acids in regular order. 

The following tests are intended for the preliminary ex- 
amination of solid substances. If the substance is a liquid, 
see page 59. If the substance is a metal or an alloy, only 
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tests 1 and .^ need be applied, but special directions are 
given under 7 for the solution of such substances. 
An outline of the preliminary tests is as follows : 

1. Heat a little of the powdered substance in a small glass 

tube, closed at one end. 

2. Put 2 cc. of con. H^SO* in a test tube, add a little of the 

dry substance, and, if there is no action, heat cau- 
tiously. 

3. Heat a small portion on cnarcoal in the R. F. 

4. Heat a small portion on charcoal with Na^COs in the R. P. 

5. Test with the borax bead in the 0. F. 

6. Moisten a little with con. HCl and test in the flame 

with a clean platinum wire. 

7. Treat the substance with solvents in the following order : 

water, dil. HCl, cone. HCl, dil. HNO,, aqua regia. 
The results to be looked for, and the indications of various 
results are as follows : 



PRELIMINARY EXAMINATION, 
1. Heating in a closed tube. 
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Result. 



a. Carbonization— recognized by blackening and 

the disengagement of water and gases with 
a "burnt odor" 

b. Changes color. 

Yellow when hot, white when cold .... 
Yellowish brown when hot, light yellow 

when cold 

Yellowish red when hot, yellow when cold 
Orange yellow when hot, ale yellow when 

cold 

Brownish red to black when hot, brownish 

red when cold 

Yellow to dark orange and fuses when very 

hot 

c. Gives water. It may react alkaline from NH4 

salts or acid from a volatile acid 



d. Yields a gas. 

0— Enflames a glowing splinter 



SOj— Known by the odor 

NO 2— Brownish red color and peculiar odor 
CO2 — Renders turbid a drop of iime water . 



CO — Burns with a blue flame . . . 
CI, Br, I— Known by odor and color 

C2N2 — Burns with a crimson flame 
H2S — Blackens lead acetate paper . 



NHo — Turns red litmus blue 



Gives a sublimate. 

Black 

Mirror or small globules 

Black, becomes red when rubbed 

Black, violet vapors 

Reddish brown, yellow on cooling . . - 
White sublimate 



Yellow 

Yellow, becomes red when rubbed 



Indication. 



Organic matter. 

ZnO. 

SnO. 
PbO. 

BigOg. 

FcaO,. 

PbCrO^. 

Water of crystalli- 
zation,or mechan- 
ically held, or 
from the decom- 
position of a hy- 
droxide. 

Clorate8,peroxide8 
and nitrates. 
Sulphates, etc. 
Nitrates. 

Carbonates, o x a - 
lates and organic 
matter. 

Oxalates, formates. 
Chlorides, bro- 
mides or iodides. 
Cyanides. 
Sulphides with 
water. 

NH4 salts, cyan- 
ides. 

As. 
Hg. 
HgS. 

S and pcrsulphides 
NH4 salts, AsgOj, 
HgCl, HgCl2, 
Sb203, some or- 
ganic acids. 
AS2S3. 
HKI2. 
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2. Heated loith con. HiSO^. 



Result. 



COa— Rendt rs turbid a drop of lime water . . . 

CO — Burns with a blue flame — usually accom- 
panied by an odor of hydrocyanic acid . . 

HF — Etches the test tube, producing Si F4 which 
gives a precipitate of silicic acid with a 
drop of water 

HjS — Known by odor 

SO2 — Known by odor 

HCl— Gives a white precipitate with AgNOj . . 

Br, I— Known by odor and color 

CI, CIO 2— Known by yellow color and bleaching 
litmus. CIO, is explosive 

NOa — Brownish red color and peculiar odor . . 

CaH40a — Odor of vinegar 



Indication. 



Carbonates, oxal- 
ates. 

Cyanides, f er ro- 
an d ferri-cyan- 
ides. 

Fluorides. 

Sulphides. 

Sulphites. 

Chlorides. 

Bromides, iodides. 

Hypochlorites, 

chlorates. 

Nitrates, nitrites. 

Acetates. 



3. 


Heated on charcoal 




Result. 


Indication. 


a. 


Melts and runs into the charcoal 


Alkali salts. 


b. 


Leaves an infusible residue which reacts 






alkaline . . •• 


Ba, Sr, Ca, Mg. 


c. 


Leaves a residue which when \ Blue, 


Al [SiOa slight]. 




moistened with Co( NO3 ) , and • Green, 


Zn. 




heated again is: Rose color 


Mg. 


d. 


Deflagrates with the charcoal 


Chlorates, nitrates 


e. 


Forms an incrustation. 






White, with odor of garlic 


As. 




MThitp nPRFPr thp tpst 


8b 




Yellow when hot, white when cold . . . 


Zn. 




Light yellow when hot, white when cold, 






close to the test and not volatile .... 


Sn. 




Lemon yellow when hot, sulphur yellow 






when cold 


Pb. 




Orange yellow when hot. lemon yellow 






when cold 


Bi. 




Reddish brown to orange 


Cd. 




Dark red 


Aj?. 



4. Heated on charcoal with Na^COi. 



c. 
d. 



Result. 



Yields metallic globules without incrustation 
Yields metallic globules with incrustation. 

Malleable beads 

Brittle beads 

Yields magnetic particles 

In the O. F. gives 

a yellow mass 

a green mass 



Indication. 



Au, Cu. 

Ag, Pb, Sn. 
Sb, Bi. 
Fe, Co, Ni. 

Cr. 
Mn. 



PRELIMINARY EXAMINATION. 
5. Borax bead in 0, F. 
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Result. 



Hot. 



Cold. 



Indication. 



Blue 

Green 

Green 

Brownish red . . 

A'^iolet 

Yellowish brown 
Violet red . . . 

6. Flame test. 



Blue 

Blue— in R. F. red 

Green 

Light yellow — in R. F. Green 
Reddish brown — in R. F. grey 

Light yellow 

Amethyst red-in R.F. colorless 



Co. 
Cu. 
Cr. 
Fe. 

Ni. 
Bi. 
Mn. 



Result. 



Indication. 



Yellow . . . 
Violet . . . 
Carmine red 
Bright red . 
Brick red . . . 
Green ... 
Blue to green 



Na. 

K. 

Li. 

Sr. 

Ca. 

Ba, boric acid. 

Cu. 



7. Solution. 

A. The substance is neither a metal nor an alloy. 

a. Put J of a gram of the substance into a test tube, 
add 5 to 10 cc. of water and boil. If the substance 
dissolves giving a solution with a neutral or acid re- 
action, proceed at once to the detection of the met- 
als, beginning with Group I. See also p. 60. If the 
reaction of the solution is alkaline, see p. 60. 

If the substance proves to be wholly or partly in- 
soluble in water, filter, leaving the residue in the 
test tube, if possible, and evaporate a few drops of 
the filtrate in a porcelain dish. If a residue re- 
mains, the substance is at least partly soluble in 
water and should be washed in hot water as long as 
anything dissolves. Treat the aqueous solution as 
directed above, and the insoluble residue by b. 
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h. To the residue insoluble in water add three or 
four cc. of dil. HCl and boil. If this fails to dis- 
solve it, decant the liquid into another test tube 
and boil the residue with three or four cc. cone. HCL 
If it dissolves, add the solution to that in the other 
test tube and treat the whole for metals, beginning 
with Group II, noticing especially what is said about 
free acid. 

During the treatment with HCl, COj or H2S may- 
be evolyed, indicating a carbonate or a sulphide^ 
CI, indicating a dioxide or a chromate, or HCN in- 
dicating a cyanide. 

Sometimes there will remain, on treatment with 
acid, a residue of sulphur, known by its color, light 
specific gravity, and by drying and burning it, or of 
silicic acid, which can be known by the tests with 
the Na^COa and NaPOs beads. (See page 66.) Si- 
licic acid must be rendered insoluble by evapo- 
rating to dryness, avoiding heating the residue much 
above 100°. Then moisten with cone. HCl, dissolve 
in hot water, and filter. 

c. If the substance is insoluble in HCl, try to dis- 
solve it in HNO3, boiling as before. If NO or NO2 
is evolved, this indicates that an oxidation is taking 
place. If the substance dissolves, test the solution 
for metais, beginning with Group I, but it should 
be remembered that it is much more difficult to pre- 
cipitate the metals of Group II from a solution in 
HNO3 than from a solution in HCl. 

d. If the substance is insoluble in HCl and in HNOs, 
try to dissolve it in boiling aqua regia. If it dis- 
solves, test the solution for metals, beginning with 
Group II. If the substance is insoluble in aqua 
regia, treat as directed on p. 73. 
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B. Metals or Alloys. 

Treat the substance with HNOs of sp. gr. 1.20 and boil, if 
necessary. 

a. The metal or alloy dissolves completely. Au, Pt, 
Sn and Sb are absent. 

b. A metallic residue is left. Dissolve it in aqua 
regia and test for Au and Pt. 

c. A white residue is left. This may consist of meta- 
stannic acid, H-^SnOa, or metantimonic acid, HSbOs, 
or of certain nitrates which are with difficulty solu- 
ble. Add water and warm to dissolve the nitrates 
and filter. Test the filtrate for metals, beginning 
with Group I. Wash the residue thoroughly and 
test a portion of it for antimony with Zn, Pt, and 
dil. HCl as in (15). Test the other portion for tin 
by boiling it with cone. HCl and an iron nail, di- 
luting, filtering and adding HgCla. 

d. Sometimes iron and other metals leave a residue 
of carbon or graphite. 

Preliminary Examination of Solutions. 

Evaporate a small portion in a porcelain dish and, if a 
residue remains, submit it to the preliminary examination 
as directed above. 

Test the solution with litmus paper, blue and red. 

a. An acid reaction may be caused by a free acid or 
by a salt of a heavy metal. In the latter case a per- 
manent precipitate will be formed if a little of the 
solution is poured into a watch glass and stirred 
with a glass rod which has been moistened with a 
dilute solution of N^iCOa. 

b. An alkaline reaction is usually caused by a hy- 
droxide, sulphide or carbonate of an alkali or alkali 
earth metal. See next page. 

Smell of the fluid to determine whether alcohol, 
ether, &c., are present. 
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DETECTION OF METALS. 

The systematic course to be followed for the detection of 
metals has already been given, and only a few words are nec- 
essary here. 

In the examination of a solution it is advisable to add 
the group reagents to separate small portions at first, so as to 
avoid the addition of the reagents to the whole solution, in 
case the group looked for is absent. 

At first HCl should be added to the whole solution to dis- 
tinctly acid reaction. Then, if no precipitate is produced, a 
small portion of the solution may be warmed and tested with 
HaS. If Group II is absent, a. second small portion may be 
tested for Group III by adding NH.Cl, NH4OH and (NH4),S. 
If Group III is absent, (NH4)2COs may be added to the same 
portion, but if this produces no precipitate, it is best to test 
a new portion for traces of Ca by adding NH4OH and 
(N 114)20204, and another portion for Ba by adding NH4OH 
and a drop of dil. H2SO4 and warming. If both are absent, 
the same portion may be tested for Mg with Na2HP04. If 
Mg is absent, a new portion must be tested for Na, K and 
NH4. 

It is possible in the manner indicated to determine very 
quickly to what group a substance belongs. The order and 
method of applying the group reagents should be learned 
by every chemist so that he can use them without reference 
to the text book. 



ALKALINE SOLUTIONS. 

If the original solution has an alkaline reaction, HCl may 
precipitate AgCl, PbCl,, PbSO*, AS2S3, Sb^Sa, SnSj, HgS, CuS, 
NiS, H2Si03, or S. 

For full directions in such cases reference must be had to 
larger works on qualitative analysis. Sulphur is recognized 
by its white or yellow color and by the fact that it passes 
readily through the filter so that solutions from which it has 



DETECTION OF ACIDS, 61 

been precipitated cannot be filtered clear until after pro- 
tracted boiling or evaporation nearly to dryness. Sulphur 
indicates the presence of a polysulphide or of a thiosulphate, 
("hyposulphite"). 

The sulphides soluble in alkaline solution are colored, and 
those most likely to be met with are yellow. Ag and Pb 
cannot be present in the same solution with such sulphides. 

PbSO* and PbCIa may be dissolved in ammonium acetate 
and the solution tested for Pb with H2S, for SO4 with BaCla 
and HCl, and for CI with HNO3 and AgNO,. 

After the removal of lead, AgCl and AgCN can be dis- 
solved in KCN and the Ag can be precipitated from the so- 
lution by (NH4)2S. The Ag^S may be dissolved in hot 
HNOs and the Ag reprecipitated with HCL 

Silicic acid usually separates in the gelatinous form. It 
may be tested and rendered insoluble, as directed on p. 66, 



GROUPS OF THE ACIDS. 

The acids may be divided into four groups. The first 
group is further divided into four divisions. 

Group I. — Acids which are precipitated from neutral 
solutions by barium chloride. 

a. Acids containing metals which will be detected in 
the examination for metals. 

Chromic acid, arsenious acid, arsenic a^cid. 

b. Acids precipitated from acid solutions by barium 
chloride. Sulphuric acid, [hydrofluoailicic octW.] 

c. Acids whose barium salts are soluble in HCl with- 
out apparent decomposition. 

Phosphoric acid, boric acid, oxalic acid, hydrofluoric 
acid, 

d. Acids whose barium salts are decomposed by HCl. 
Carbonic acid, sulphurous acid, thiosulphuric acidy 

silicic acid. 
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Group II. — Acids which are precipitated from solution 
in dilute acids by silver nitrate. 

Hydrochloric acid, hydrobromic acid, hydriodic acid, hydro- 
cyanic acid, hydroferrocyanic acid, hydroferricyanic acid, hydro- 
sulphuric acid (HiS), [hypochlorous acid, chlorous acid, nitrous 
acid, sulphocyanic acidJ] 

Group III. — Acids whose barium and silver salts are 
soluble in water. 

Nitric acid, chloric acid, acetic ax;id, {^perchloric acid, perman- 
ganic acid.'] 

Group IV. — Organic acids which carbonize on heating. 
Tartaric acid, citric acid, acetic acid/^ {Malic acid, succinic 
acid, benzoic acid, lactic cwid, propionic acid, butyric add, and 
hundreds of others^ 

ANALYSIS FOR ACIDS. 

It is usually best to complete the examination for metals 
before beginning that for acids. Then, on examination of 
the table of solubilities on page 90, the chemist will fre- 
quently find that many of the tests for the acids cjin be 
omitted. Thus, if barium has been found in a substance 
soluble in water, all of the acids of Group I must be absent. 

The preliminary examination, especially the heating in a 
closed tube, frequently gives a clue to the acid present. In 
such cases the test for the acid suspected may be applied 
first. In case no clue has been obtained, it will usually be 
best to follow the order given below. 

The tests for the acids are surest to give satisfactory re- 
sults when applied to solutions containing only alkali met- 
als. Such a solution should be prepared as follows, if met- 
als of the first four groups are present: Dissolve! the substance 

*Acetate8 sometimes give acetone with very little blackening. 

tif the substance is insoluble in cold dil. HNOg but is soluble in 
concentrated acids or in aqua regia, it is advisable to apply tests for 
sulphuric, hydrofluoric, silicic, hydriodic and hydrosulphuric acids 
to the original substance. If the acid is not detected in this ^ay, 
fuse a portion of the substance with Nag CO 3 on Pt foil, or, if any 
metal of the first two groups except mercury is present, on charcoal. 
Boil the fused mass with water, filter and test the filtrate for acids as 
directed. 



ACIDS— BARIUM CHLORIDE GROUP. 63 

in water or in the least possible amount of cold dil. HNOs. 
Add a strong solution of NaaCOa until the reaction is strongly 
alkaline, and boil in a porcelain dish. If ammonium salts 
are present the solution must be concentrated to one-half or 
one-third of the original volume, adding more Na-^COa, if 
necessary, to keep it alkaline. This is for the purpose of ex- 
pelling NH4 which would prevent the precipitation of Ag, 
Cu, &c. Filter and use the filtrate for the following tests. 
It may still contain As and Sb and, in some cases, traces of 
other metals, but the cases in which these are likely to inter- 
fere are mentioned below under the special tests. 



GROUP I. 

The acids of division a will have been detected in the ex- 
amination for metals. If the original substance dissolves in 
water giving a neutral or alkaline solution and BaClz pro- 
duces no precipitate in the concentrated solution, the acids 
of GROUP I are absent. Pass to GROUP II. If a sodium 
carbonate solution has been prepared, apply to it the test for 
sulphuric acid. If that is absent, boil the solution to which 
BaCli and HCl have been added, to expel CO2, and add 
NH4OH. A precipitate must be caused by some acid of 
GROUP I but the absence of a precipitate cannot be taken 
as a proof of the absence of boric acid or of oxalic acid. 

Tests for hydrofluoric acid, for the acids of division d and 
also for hydrosulphuric acid must be applied to the original 
substance. 

Sulphuric acid.— Add to a small portion of the solu- 
tion dil. HCl to acid reaction (if this precipitates AgCl, fil- 
ter) and add BaCl^. A white pulverulent precipitate is 
BaSO*. (See, however, the statements under hydrofluoric 
and sulphurous acids.) 

All sulphates when heated with NajCOs on charcoal in the 
R. F. form a " hepar " containing Na.2S. If the fused mass 
is placed on a silver coin and moistened with water, a black 
stain is produced. 
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Free HjSO* may be detected in a solution by dipping a 
piece of filter paper in it and drying it on the water bath, 
when the paper will be charred by the concentrated acid, if 
present. 

Phosphoric acid. — Add to another portion of the so- 
lution dil. HCl to acid reaction, (if As or Sb are present, 
warm and precipitate with HjS) boil to expel CO2, then add 
NH4CI, NH4OH and MgSO*. A white crystalline precipi- 
tate is MgNH4P04. If this is obtained, confirm as follows : 
Dissolve a little of the original substance in dil. HNOs 
(remove As, if necessary) and add a drop of the solution to 
1 cc. of (NH4)2Mo04 dissolved in nitric acid ("molybdic 
solution"). If a yellow precipitate does not form after wait- 
ing a short time and warming very gently, add more of the 
solution to be tested but never more than a volume equal to 
that of the molybdic solution taken. The yellow precipitate 
is ammonio-phospho molybdate, (NH4)8P04 -H 10 MoOs + IJ 
H2O. The reason why the solution to be tested must be 
added so carefully is because the precipitate is soluble in 
phosphoric acid. Arsenic acid gives similar precipitates 
both with magnesia mixture and with molybdic solution. 

Boric acid. — Add to a small portion of the solution, 
HCl just to acid reaction. Dip a piece of turmeric paper in 
the solution and dry it on the water-bath. If boric acid is 
present, the turmeric paper will turn red. Care must be 
taken not to mistake the brown color caused by an alkaline 
solution, or the blackish brown color produced if too much 
hydrochloric acid is present, for the red color characteristic 
of boric acid. 

If chloric acid is present, the Na^COs solution must be 
evaporated and the residue ignited to faint redness to destroy 
it. The residue may then be dissolved in water and tested 
with HCl and turmeric as directed. 

If a borate is mixed with a little coiic. H-^SO* and alcohol 
is added, on setting fire to the latter it will burn with a green 
flame. Copper, if present, must first be removed by H2S. 



ACIDS— BARIUM CHLORIDE GROUP, 65 

Oxalic acid» — If metals of the first three groups are 
present in the substance, these will frequently pass into the 
sodium carbonate solution as double oxalates of sodium 
with these metals. Such metals must be removed from the 
solution by H^S before the test for oxalic acid is applied. 
Then acidify with acetic acid and boil till CO^ and HjS (if 
used) are expelled. Add CaSO* A white pulverulent pre- 
cipitate is CaCaO*. Hydrofluoric acid, if present, also gives 
a precipitate, but CaFa is gelatinous and so transparent that 
it can hardly be seen. 

If an oxalate is boiled with MnOz and dil. H2SO4, it is 
oxidized to CO2 which causes effervescence and may be 
identified by passing it through lime water. Carbonates, if 
present, may be decomposed by boiling with dil. H2SO4 for 
some time before adding the Mn02. 

Oxalates of Na, K, Ca, Sr and Ba are converted into car- 
bonates by gentle ignition. 

Hydrofluoric acid. — The tests for hydrofluoric acid 
must be applied to the original solid substance. Mix -a 
small portion of it with KHSO4. Dip in the mixture a 
borax bead prepared in the usual way, and test in the Bun- 
sen flame. A green flame, appearing only for an instant, 
indicates the formation of BFs. Always confirm by mixing 
some of the substance with enough cone. H2SO4 in a lead 
dish to form a thin paste, laying over the dish a piece of 
glass covered with beeswax in which letters have been 
traced with a pointed piece of wood, and heating very gently,, 
but not hot enough to melt the wax. If the substance is a. 
fluoride, lines will be etched on the glass. 

If a fluoride is dissolved by means of HCl in a glass*, 
vessel, H^SiFs is formed, which gives with BaCla a precipi^ 
tate insoluble in HCl and sometimes mistaken for BaS04. 

For the detection of fluorine in silicates, reference must 
be had to Fresenius' Qualitative Analysis. 

Carbonic acid. — Most carbonates are converted into 
chlorides by dil. HCl. The conversion is accompanied by 
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effervescence caused by the escape of CO,. A very few car- 
bonates require a concentrated acid or warming for their 
decomposition. The CO, may be identified as follows. Fit 
a test tube with a cork through which is inserted a bent 
tube fitting tightly. Put a little of the substance to be 
tested into the test tube and add 2 or 3 cc. of dil. HCl. 
Insert the cork, boil, and conduct the steam and gases 
through 2 or 3 cc. of clear lime water in another test tube. 
If a precipitate is formed, it must be CaCO,. 

Sulphurous and Thiosulphuric ("hyposulphurous") 
acids. 

Both sulphites and thiosulphates evolve SO, on warming 
with dil. HCl. Sulphur dioxide ig readily recognized by 
its odor. It is also a reducing agent and acid solutions con- 
taining it instantly decolorize a solution of potassium per- 
manganate. 

Sulphites are easily oxidized to sulphates and a solution 
of a sulphite will usually give the test for sulphuric acid. 

Thiosulphates give a white precipitate of S at the same 
time that SO, is evolved. 

Silicic acid» — The only common silicates soluble in 
water are those of K and Na. If HCl is added drop by 
drop to a strong solution of a silicate, most of the silicic 
acid separates in the gelatinous form. If the acid solution 
is evaporated completely to dryness, but with care not to 
heat the residue after it is dry, on moistening it with cone. 
HCl (or HNOj if Ag is present) and then treating it with 
hot water the silicic acid will remain undissolved. The 
same method serves for the detection and separation of silicic 
acid in silicates which are decomposed by cone. HCl or cone. 
HNO3. The silica obtained as above, or the silica in any 
silicate will dissolve with effervescence in a bead of Na^COs, 
but both are insoluble in a bead of sodium metaphosphate 
{obtained from NaNHiHPO^, "microcosmic salt.") 

For the analysis of silicates see page 74. 



I 
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GROUP II. 

Add to another portion of the Na^COa solution, or of the 
solution of the substance in water, dil. HNO3 to acid reac- 
tion, and AgNOs. If no precipitate forms, the acids of 
Group II are absent. Pass at once, to nitric acid. If a pre- 
cipitate forms, the color may give an indication of its char- 
acter AgCl, AgCN, AgNOa and Ag4FeC«Ne are white. AgBr 
is yellowish white. Agl is yellow. AgjFeCeN* is brownish 
red. AgaS is black.* Test for these acids as follows : 

Hydrobromic and Hydriodic acids.— Add to a small 
portion of the solution dil. H2SO4 to strongly acid reaction, 
then add a drop of carbon disulphide, which will sink to 
the bottom, and a single drop of chlorine water, and shake. 
The CI will combine with the hydrogen of the HI or HBr 
and set iodine or bromine free. The bromine will color the 
CSa yellow or reddish yellow while the iodine colors it violet 
red. If iodine is found, add CI water Cjirefully, shaking 
after each addition. The CI will combine with the iodine 
to form colorless iodine chloride, ICls. When the color 
caused by the iodine has disappeared the CSa will be color- 
less if bromine is absent but yellow if it is present. The 
tests for Br and I are best applied to dilute solutions. 

If the original substance was not soluble in cold dil. HNOs, 
a fresh portion should be tested for iodine by putting it in a 
test tube with a drop of CSa and a little dil. H2SO4. Then 
add a drop of CI water and shake. If the substance con- 
tains an iodide the characteristic color will be seen in 
the CSa. 

A further test for iodine may be made by adding a solu- 
tion of starch, dil. H2SO4 and a drop of CI water to the solu- 
tion. 

If very minute quantities of iodine are to be detected, 

♦The colors of the following precipitates formed in neutral or alka- 
line solutions will sometimes be found useful. AgoCgO^, AgaSiOg 
and Ag2B407 are white. Ag^P04 and AggAsOg are yellow. AgjAsO^ 
is brownish red. AgjCrO^ is purple red. 
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KNO2 should be added to the acid Bolution instead of chlo- 
rine water, since an excess of nitrous acid does not destroy 
the color caused by the iodine. 

Hydrocyanic Acid. — Dissolve a little of the original 
substance in water or in dil. HCl without warming. Add a 
few drops of FeS04 and of FcaCls. These should produce 
no precipitate if the solution is acid. (If a blue precipitate 
is formed, H4FeC6N6 or HsFeCsNg is present. In that case 
see Fresenius.) Add NaOH to alkaline reaction and warm, 
then acidify with dil. HCl. If hydrocyanic acid was origin- 
ally present it will be converted, by the treatment directed, 
into hydroferrocyanic acid and on acidifying with HCl a 
precipitate of Prussian blue Fe4Fe3Ci8N,8 will be obtained. 

Hydrocyanic acid can frequently be detected by its odor 
in neutral or acid solutions. Great care must always be 
exercised in working with it as it is volatile and is a deadly 
poison. 

Hydroferrocyanic Acid. Add to the acid solution a 
drop of FcaClc. A dark blue precipitate is Prussian blue 
Fe4(FeCeNs)s. 

Hydroferricyanic Acid. — Add to the acid solution a 
drop of FeSO* (freshly prepared by dissolving an iron nail in 
dil. H2SO4.) A deep blue precipitate is TurnbuU's blue, 
Fe3(FeC6N8)2. Under the same circumstances, hydroferrocy- 
anic acid gives a light blue precipitate. 

If the precipitate with AgNOa was white, it is, of course, 
unnecessary to test for hydroferricyanic acid. 

Hydrochloric Acid. If the precipitate with silver 
nitrate in acid solution is white and HI, HBr, HCN, HNO:t 
and H4FeC6N6 are absent, it must consist of AgCl. 

Hydrochloric acid may be detected in the presence of HI 
and HBr as follows: Add to the acid solution a little 
AgNOs but not enough to precipitate all of the acids present. 
Filter and test a small portion of the filtrate for Br and I 
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with CSa and chlorine water. If they are found to be ab- 
sent, test the remainder of the filtrate for HCl with AgNO,. 
The test depends on the fact that if AgNOs is added to a so- 
lution containing HCl, HBr and HI, the HBr and HI may 
be entirely precipitated, while a portion of the HCl remains 
in solution. 

If HCN is present, and it is desired to test for the other 
acids of the group, add AgNOs in sufficient amount to pre- 
cipitate all the acids present, filter, wash, dry the precipitate 
and ignite it in a porcelain crucible to faint redness. The 
AgCN will be decomposed. When cold add to the contents 
of the crucible a little dil. H2SO4 and a fragment of zinc. 
The nascent hydrogen will reduce the AgCl, etc., to metallic 
Ag while HCl, HBr and HI will pass into solution. Filter 
and test the filtrate for these acids. 

Nitrous Acid* — Nitrites in concentrated solutions evolve 
reddish brown fumes of N^Os and NO2 when acidified with 
dil. H2SO4. If to a very dilute solution of a nitrite, a few 
drops of dil. HCl and a few drops of a solution of meta- 
phenylene-diamine chloride, C6H4(NH2HC1)2, be added, a 
yellow color develops at once or after some time, owing to 
the formation of triamido-azobenzene, C12H13N3. This reac- 
tion is especially suited for water analysis. 

Solutions of naphthylamine chloride and sulphanilic acid 
when both added to an acid solution of a nitrite give a rose 
color which can be more clearly seen than the preceding 
test in,the.case of colored or turbid waters. 

Nitrous acid gives the same reactions as nitric acid with 
"brucine and sulphuric acid, or with ferrous sulphate. 

Hypochlorous Acid. — Hypochlorites evolve chlorine, 
yrhich bleaches litmus paper, when warmed with dil. H2SO4. 
With MnSO* hypochlorites give a brownish black precipitate 
of MnOa. 

Hydrosulphuric Acid. Sulphides which are soluble in 
water or in HCl, evolve hydrosulphuric acid (H2S) on treat- 
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ment with that acid. Hydrogen sulphide can be recognized 
by its odor and by its blackening a paper moistened with 
PbCCHsO,),. 

All sulphides when fused on charcoal with NajCOj yield 
Na2S. If the fused mass is laid on a silver coin and moist- 
ened with water, a brown or black stain of AgaS will be pro- 
duced. Other compounds containing sulphur (sulphates, 
etc.,) give the same reaction and care must be exercised to 
distinguish between them. 

By solution in aqua regia the sulphur of many sulphides 
is converted into sulphuric acid, which may then be detected 
in the usual way. This method can be used to detect sul- 
phur in cast iron and in other similar cases. 



GROUP III. 



Nitric Acid* — If the NajCOs solution was prepared by 
first dissolving the substance in HNOh, a fresh portion of the 
original substance must be boiled with Na^COs (in case met- 
als of the first four groups are present) and the filtered solu- 
tion must be tested for HNOg. Add to the solution dil. 
H2SO4 to acid reaction and a little FeSO*. Then pour cone. 
H2SO4 carefully down the side of the tube so that it will run 
to the bottom and leave the solution to be tested floating on 
top. If nitric acid is present, the FeSO* will reduce it to 
nitric oxide which will dissolve in the excess of FeS04 form- 
ing a reddish brown ring at the juncture of the two fluids. 
On shaking gently the ring increases,, but on mixingJthe 
fluids the color usually disappears. Nitrous acid shows the 
same reaction. 

Chlorates interfere with the reaction. If present, the alka- 
line solution must be evaporated to dryness and the residue 
gently ignited to destroy them. Iodides also interfere and 
may be removed from the solution by means of silver sul- 
phate. 
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Chloric Acid. — Pour 1 or 2 cc. of cone. HjSO* into a dry 
watch glass and put into it a small fragment of the original 
dry substance. A yellow color and the peculiar odor of 
chlorine peroxide, CIO2, proves the presence of a chlorate. A 
reddish yellow color with a different odor will frequently 
be observed, if both a nitrate and a chloride are present. In 
cases of doubt, compare the action of a mixture of the sub- 
stance with KClOs with the action of the substance alone. 

All chlorates when heated give oxygen and leave a chlor- 
ide. All chlorates deflagrate when heated on charcoal. 

Acetic Acid. — Put a little of the dry substance, or a 
concentrated solution, into a test tube with 2 or 3 cc. of alco- 
hol and an equal volume of cone. H2SO4 and warm gently. 
If an acetate is present, ethyl acetate C2H5, CjHsOz, will be 
formed and may be recognized by its fragrant and character- 
istic, " fruity " odor. It need hardly be said that this test 
should not be applied in the presence of a chlorate. 



GBOUJP ir. 



The presence of organic acids will have been detected, if 
there are any in the substance, by the carbonization on heat- 
ing in a closed tube. If the organic acid is non- volatile (e. 
g. tartaric, citric or malic acid), boiling with NaiCO., will fail 
to precipitate completely metals of the first three groups 
and they must be separated in another way before the tests 
for the acids of the group are applied. Dissolve some of the 
substance in water, or, if necessary, with the least possible 
amount of HCl, keeping the solution as concentrated as pos- 
sible. 

If the metal belongs to the first or second group, precipi- 
tate it with H2S, if to the third group, by adding NH4OH 
and passing H2S or adding (NH4)2S. (Al and Cr cannot be 
removed in this way.) After filtering, make the solution 
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slightly acid with HCl if it is not already so, and boil in a 
porcelain dish to expel HaS. 

Tartaric Acid. — Add NH4OH just to alkaline reaction, 
then NH4CI and CaClz, shake vigorously and allow to stand 
for ten minutes. If a precipitate forms, filter and test 
the filtrate for citric acid. Digest the precipitate with a cold 
solution of NaOH. If calcium tartrate is present, it will 
dissolve. Dilute slightly, filter and boil the filtrate. If a 
precipitate forms, tartaric acid is indicated. Filter hot, 
wash, introduce the precipitate into a test tube, add one drop 
of NH4OH and a little AgN04 and warm. If tartaric acid 
is present, it will be oxidized by the AgNOa and the latter 
will be reduced to metallic silver which will give a black 
precipitate, or form a silver mirror on the walls of the tube. 

Tartaric acid and tartrates, when heated, give a character- 
istic odor resembling that of burnt sugar. The odor is dif- 
ferent from that given by citric acid. 

Acid ammonium tartrate and acid potassium tartrate 
(cream of tartar) are difficultly soluble in cold water and 
are precipitated on adding HCl to the neutral ammonium 
or potassium salt, or on adding NH4CI or KCl to a slightly 
acid solution of a tartrate. The precipitation is aided by 
vigorous shaking. 

Citric Acid. — To the solution in which CaCla has pro- 
duced no precipitate or which has been filtered from the 
precipitate, add 3 volumes of alcohol. If a precipitate 
forms, filter, wash with alcohol, dissolve on the filter with a 
little dil. HCl, add NH4OH to the filtrate to alkaline reac- 
tion and boil for some time. A precipitate is calcium 
.citrate, Cas(C6H507)2. 



INSOL UBLE SUBSTANCES. 73 

INSOLUBLE SUBSTANCES. 

The most common of these substances are : PhSO* ; AgCl, 
AgBr, Agl, AgCN; SnO^; AlA, CrA, FeCrA; BaS04, 
SrSO* (CaSO*), CaFjj SiOa and many silicates; Ag4FeC6N6, 
Fe4Fe8Ci8Ni8 and some other ferrocyanides and ferricyanides; 
S and C. 

Examine carefully the physical properties and endeavor 

to obtain a clue to the composition of the substance in that 

way. If the preliminary examination already given has 

not furnished any clear indication of the character of the 

substances, apply the following tests. 

a. Mix a little of the finely powdered substance with 

Na^COa and a drop of water and heat on charcoal in the 

reducing flame. Compounds of Pb, Ag, and Sn will 

give metallic globules. Sometimes these can be more 

easily found by cutting out the fused mass with a little 

of the charcoal adhering to it, powdering in a mortar 

and carefully washing the charcoal away with water, 

when the heavy metallic particles will remain. In the 

case of SnOa, the reduction can be aided by adding a 

little dry KCN to the mixture before heating. 

Warm the metallic globules or particles with 2 or 3 
drops of dil. HNO.,. Ag and Pb will dissolve, while Sn 
will give white insoluble HaSnOa. If the bead dissolves, 
add a drop of dil. HCl. A precipitate insoluble in 
NH4OH is PbCla but if soluble in NH4OH it is AgCl. 
According to the result obtained, treat as follows : 

PbS04 and PbOL. If lead is found, dissolve the 
substance in ammonium acetate. Precipitate the lead 
from a part of the solution with H2S. Test another 
portion of the solution for CI with AgNOa and HNO3 and 
another for H.2SO4 by adding BaCla and HCl. 

Silver Salts. — If silver is found, put the solid sub- 
substance into a porcelain crucible or dish, add a frag- 
ment of zinc and dil H2SO4. After the action has con- 
tinued foi some time, pour off the solution and test it 
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for chlorine, bromine, and iodine in the usual way. 
Wash the residue of metallic silver in the dish, dissolve 
it in HNOj and prove the presence of Ag as usual. 

Stannic Oxide* — If tin has been found, powder 
the substance very finely and fuse it in a porcelain cru- 
cible with six times its weight of a mixture of equal 
parts of Na«COs and S. On treating the fused mass with 
water, the metals of Sub-Group A of Group II, and the 
metals of Group III will remain undissolved, as sul- 
phides, while the Sn will dissolve as a sulpho salt and, 
after filtering, may be precipitated as SnS, by adding 
dil. HCl. 

b. Silicates* — Prepare a bead of NajCOj and, holding a 
little of the finely powdered substance near the flame, 
dip the hot bead immediately into it. If the substance 
dissolves with effervescence, SiO« or a silicate is indica- 
ted. Test the substance also with a bead of NaPOs (from 
NaNH4HP04). If a silicate, silica will float in the bead^ 
undissolved. 

If the substance is a silicate, powder it very finely 
and fuse it on platinum 'foil with four parts of a mix- 
ture of KjCOs and NaaCd. Put the fused mass in a 
porcelain dish, add dil. HCl in suflficient quantity to 
entirely decompose the carbonates, digest at a gentle 
heat till the mass is entirely disintegrated and then 
evaporate to perfect dryness, taking care, however, 
that the dry residue is not heated much above 100°. 
When cold, moisten the residue with cone. HCl, then 
dissolve in hot water, filter from the separated silica and 
test the filtrate for metals in the usual way. 

In order to detect K and Na in silicates, mix some of 
the finely powdered substance with an equal weight of 
NH4CI and six times its weight of CaCOa and heat to 
redness on platinum foil for ten minutes. The mass 
should sinter together but not fuse. Boil the mass with 
water, filter, precipitate the Ca from the filtrate with 
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NH4OH and (NH4)2COs, filter, evaporate to dryness, 
ignite till ammonium salts are completely expelled and 
test for Na and K in the usual way. 

. Salts of Oa, Sr, and Ba.— Moisten a little of the 
substance with cone. HCl and test in the flame with a 
clean platinum wire. Ba, Sr, and Ca can usually be de- 
tected in this way. Test also for S by fusing a little of 
the substance with NaiCOj on charcoal in the reducing 
flame. Lay the fused mass on a silver coin, and moisten 
with water. If sulphates are present, they will be re- 
duced to sulphides, which will produce a black or brown 
stain on the silver. 

BaS04 and SrSO* are fused on platinum foil with 
K2CO3 and NaaCOa. On boiling the fused mass with 
water, BaCOa or SrCOs will remain undissolved. Filter 
and wash thorovghly. Then dissolve in C2H4O2 and ana- 
lyze as usual. The sulphuric acid can be detected in the 
filtrate from the carbonates by adding HCl and BaCl2. 

CaSO* is sufficiently soluble in water so that it may 
be detected by the regular course of analysis. 

CaFa, when finely powdered and boiled for some time 
with dil. HCl, dissolves in sufficient amount so that, on 
filtering and analyzing the solution for metals as usual, 
Ca will be found in the precipitate for Group III. 

I PeOriO*, Or^Os and AI2O3.— If no metal of the first 
two groups is present, fuse a little of the finely powdered 
substance on platinum foil with NaiCOg and KCIO3. If 
Cr is present, a yellow solution containing KgCrO* will 
be obtained on boiling the fused mass with water. The 
solution, after filtering if necessary, may be acidified with 
HCl, evaporated to drynessto separate silica, the residue 
moistened with cone. HCl, dissolved in hot water and 
filtered. The filtrate may be analyzed as usual. A resi- 
due remaining on boiling the fused mass with water 
may be dissolved in HCl and the solution analyzed. 
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Cr,Os and Al,Os may be treated in essentially the same 
way but in the case of AljOs the solutions will be color- 
less. 

e. Ferrocyanides and Ferricyanides are decomposed 
by boiling with NaOH, into the hydroxide of the 
metal and Na«FeC«N« or NasFeC«N«. The latter are solu- 
ble in water and can be washed out. The hydroxide 
can then be dissolved in HCl or HNOs. 

f. Sulphur and carbon can usually be recognized by 
their familiar properties and by burning them. 



APPENDIX. 



Form of Record. 



It is essential that in performing the preliminary experi- 
ments such a record shall be kept of the work that after- 
wards it will be possible, by referring to it, to determine 
where each metal goes at every stage of the analysis. This 
thought should he kept constantly in mind in making the record. 
It is not necessary, however, to repeat statements from the 
text-book and the more concise the record can be made the 
better, provided it contains all essential facts and is clear. 
An illustration will, perhaps, be of service. 

Silver. 

AgNa+HCl=^+HNO,. 

AgCl+hot water — does not dissolve, since the filtrate gives 
no pr. with H2S. 

2 AgCl+SNH^OH :::^2AgC1.3NH, _,_3h.,o. 

C/l6&r sol* 



In recording an analysis, the following form has been 
found convenient by the author: 



1 


Substance. 


Reagent. 


Result. 


Inference. 


Precip. 


Solution. 


1 


Colorless Sol. 


HCl. 


Wh. pr. 


Gr. I. 


AgCl. HgCLPbCl,. 




2 


Pr. 1. 


Hot H,0. 


Partial sol. 




AgCl. HgCl. 


PbCla. 


3 


Sol. 2. 


H,S6,. 


Wh. pr. 


Pb. 


PbSO^. 




4 


Pr. 2. 


NH4OH. 


Blackens. 




Hg,NH,Cl. 


2 AgCl. HNHa. 


5 


Sol. 4, 


HNO,. 


No pr. 


No Ag. 







The numbers in the second column refer to the operation 
which gave the precipitate or solution referred to, and any 
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metal can be followed by these numbers from the beginning 
to the end of the analysis. The columns headed " Precip." 
and " Solution " give the compounds which would be pres- 
ent in each case if all metals of the group were present. 

The student will find it convenient to number his record 
in accordance with the statements given below for each 
metal. It is important that the record should be made in the lab- 
oratory as the experiments are performed. 



GROUP I. 



1. Lead nitrate and hydrochloric acid give? 

2. Lead chloride and hot water. 

3. Lead chloride and hydrogen sulphide give? 

4. Lead chloride and sulphuric acid give ? 

5. Lead chloride, potassium py rochromate and ?, give lead 
chromate, chromic acid and ? 

SUlver. 

i. Silver nitrate and hydrochloric acid give? 

2. Silver chloride and hot water. 

3. Silver chloride and ammonia give? 

4. Ammonio-silver chloride and nitric acid give? 

5. Silver chloride exposed to the light. 

Murcury in Mercurous Salts. 

1. Mercurous nitrate and hydrochloric acid give ? 

2. * Mercurous chloride and hot water. 

3. Mercurous chloride and ammonia give ammonium 
chloride and? 

4. Mercurous-amido-chloride and aqua regia give mer- 
curic chloride, ammonium chloride, nitric oxide and water. 
Write first a reaction between mercurous-amido-chloride and 
hydrochloric acid giving mercuric chloride, ammonium 
chloride and hydrogen ; then a reaction between hydrogen 
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and nitric acid giving nitric oxide and water ; then combine 
the two equations so as to eliminate free hydrogen. 

5. Mercuric chloride and stannous chloride give stannic 
chloride and? 



GROUP 11. 



^b' Group A. 
Mercury in Mercuric Salts. 

1. Mercuric chloride and hydrogen sulphide give? 

2. Mercuric sulphide and nitric acid. 

3. Mercuric Sulphide and aqua regia give mercuric chlo- 
ride, nitxic oxide, sulphur and water. Write on the same 
principle as mercurous-amido chloride and aqua regia. 

4. Mercuric chloride and stannous chloride give ? 

Lead. 

1. Lead chloride and hydrogen sulphide give ? 

2. Lead sulphide and nitric acid give lead nitrate, nitric 
oxide, sulphur and water. Write first lead sulphide and 
nitric acid give lead nitrate and hydrogen sulphide ; then 
hydrogen sulphide and nitric acid give nitric oxide, sulphur 
and water ; then combine the two reactions. 

3. Lead nitrate and sulphuric acid give ? 

4. Lead sulphate and ammonium tartrate form, probably, 
a soluble, double salt. Write the statement without a re- 
action. 

5. Lead sulphate and potassium pyrochromate give ? • 

Bismuth. 

1. Bismuth chloride and water give ? 

2. Bismuth oxychloride and hydrogen sulphide give? 

3. Bismuth sulphide and nitric acid give? 

4. Bismuth nitrate and sulphuric acid give ? Be careful 
to record whether there is a precipitate or not. 

5. Bismuth sulphate and ammonia give ? 
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6. Bismuth hydroxide and hydrochloric acid give ? 

7. Bismuth chloride and water give? 

Copper. 

1. Copper sulphate and hydrogen sulphide give \ 

2. Copper sulphide and nitric acid give ? 

3. Copper nitrate and sulphuric acid give ? 

4. Copper sulphate and ammonia give ? 

5. Cupric ammonium sulphate and hydrochloric acid give 
copper sulphate and ? 

6. Copper sulphate and iron give ? 

Cadirnium. 

1. Cadmium nitrate and hydrogen sulphide give? 

2. Cadmium sulphide and nitric acid give? 

3. Cadmium nitrate and sulphuric acid give? 

4. Cadmium sulphate and ammonia give ? 

5. Cadmium hydroxide and hydrochloric acid give ? 

6. Cadmium chloride and iron. 

7. Cadmium chloride and hydrogen sulphide. 

Sub' Group B. 
Arsenic in Arsenious Compounds. 

1. Arsenious oxide and hydrogen sulphide give? 

2. Arsenious sulphide and ammonium sulphide give ? 

3. Ammonium sulpharsenite and hydrochloric acid give 
ammonium chloride and ? 

4. Arsenious sulphide and con. hydrochloric acid. 

5. Arsenious sulphide, potassium chlorate, hydrochloric 
acid and water give arsenic acid, potassium chloride, hydro- 
chloric acid and sulphur. Write : 

a. Potassium chlorate and hydrochloric acid give ? 

b. Chloric acid gives hydrochloric acid and oxygen. 

c. Arsenious sulphide, oxygen and water give arsenic 

acid and sulphur. 
Combine a and b to eliminate chloric acid, and the result- 
ing equation with c. 

6. Arsenic acid, magnesium sulphate and ammonia give ? 
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Arsenic in Arsenic Compounds. 

1. Arsenic acid and hydrogen sulphide give? 

2. Arsenious oxide, potassium pyrochromate, hydrochlo-= 
ric acid and water give arsenic acid, chromic chloride and 
potassium chloride. 

3. Arsenic acid, magnesium sulphate and ammonia give ? 

Tin. 

1. Stannous chloride and hydrogen sulphide give ? 

2. Stannous sulphide and ammonium polysulphide, 
(N 114)282, give stannic sulphide and ammonium sulphide. 
The stannic sulphide then dissolves as a sulpho-salt. 

3. Ammonium sulphide, stannic sulphide and hydro- 
chloric acid give ? 

4. Stannic sulphide and con. hydrochloric acid give ? 

5. Stannic chloride and iron give? 

6. Stannous chloride and mercuric chloride give ? 



1. Stannic chloride and hydrogen sulphide give ? 

2. Stannic chloride and mercuric chloride. 

Antimony. 

1. Antimony chloride and hydrogen sulphide give ? 

2. Antimony sulphide and ammonium sulphide give? 
The antimony sulphide dissolves as a sulpho-salt. Write 
the statement without a reaction. 

3. Antimony sulphide, ammonium sulphide and hydro- 
chloric acid give ? 

4. Antimony sulphide and con. hydrochloric acid give? 

5. Antimony chloride and iron give ? 

6. Antimony chloride and zinc give ? 

Experiments with gold and platinum are usually omitted.. 



GROUP III. 

Chromium. 

1. Chrome alum and^ ammonia give ? 

2. Chromic hydroxide and hydrochloric acid give ? 
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3. Chromic chloride and barium carbonate give a basic 
salt of chromium and? The filtrate should contain no 
chromium, but may give a slight precipitate of barium 
carbonate. 

4. The basic salt of chromium with caustic soda gives 
-chromic hydroxide ; does the latter dissolve or not ? 

5. Chromic hydroxide, sodium carbonate and potassium 
chlorate give potassium chromate, salt, carbon dioxide, water 
and oxygen. 

Potassium pyrochromate, hydrochloric acid and hydrogen 
sulphide give sulphur and ? 

Aluminium. 

1. Alum and ammonia give ? 

2. Aluminium hydroxide and ammonium sulphide. 

3. Aluminium hydroxide and hydrochloric acid give ? 

4. Aluminium chloride and barium carbonate give alum- 
inium hydroxide and ? 

5. Aluminium hydroxide and caustic soda give ? 

6. Sodium aluminate and hydrochloric acid give ? 

7. Aluminium chloride and ammonia give ? 

Iron. 

1. Ferric chloride and ammonia give? 

2. Ferric hydroxide and ammonium sulphide give ? 

3. Ferrous sulphide and hydrochloric acid give ? 

4. Ferrous chloride, nitric acid and hydrochloric acid 
give ferric chloride, nitric oxide and water. 

5. Ferric chloride and potassium sulpho-cyanate give ? 

6. Ferric chloride and potassium ferrocyanide give ? 

7. Ferric chloride and barium carbonate give a basic salt 
and? 



1 . Ferrous sulphate and potassium sulpho-cyanate should 
give no color. 

2. Ferric sulphate and potassium sulpho-cyanate give ? 

3. Ferrous sulphate and potassium ferrocyanide give ? 
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4. Ferric sulphate and potassium ferrocyanide give ? 

5. Ferrous sulphate and potassium ferricyanide give ? 

6. Ferric sulphate and potassium ferricyanide give? 

7. Ferrous sulphate and caustic soda give? 

8. Ferric sulphate and caustic soda give ? 

9. Ferrous sulphate, sulphuric acid and nitric acid give ? 

10. Ferric sulphate and hydrogen sulphide give? 

CohalU 

1. Cobalt nitrate, ammonium chloride and ammonia. Try 
also with very little ammonia and no ammonium chloride. 

2. Cobalt nitrate and ammonium sulphide give ? 

3. Cobalt sulphide and dil. hydrochloric acid. 

4. Cobalt sulphide and aqua regia give ? See mercury. 

5. Cobalt chloride and caustic soda give ? 

6. Cobalt hydroxide and acetic acid give ? Acetic acid 
is mono-basic. 

7. Cobalt acetate, potassium nitrite, and acetic acid give 
potassium cobaltic nitrite, potassium acetate, nitric oxide 
(2 molecules) and water. 

8. Cobalt compounds in the borax bead. 

Nickel. 
1-6. As with cobalt. 

7. Nickel acetate and potassium nitrite. 

8. Nickel acetate and caustic soda give ? 

9. Nickel compounds in the borax bead. 

Manganese. 

1. Manganese sulphate, ammonium chloride and am- 
monia. Try also without ammonium chloride. 

2. Manganese sulphate and ammonium sulphide give ? 

3. Manganese sulphide and hydrochloric acid give ? 

4. Manganese chloride and barium carbonate. 

5. Manganese chloride and ammonium sulphide give ? 

6. Manganese sulphide and hydrochloric acid give ? 

7. Manganese chloride and caustic soda give ? 

8. Manganese hydroxide, sodium carbonate and oxygen 
give sodium manganate, carbon dioxide and water. 
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Zinc. 

1 — 6. As with manganese. 

7. Zinc chloride and caustic soda give sodium zincate, 
ZnOzNaj, and? 

8. Sodium zincate and hydrogen sulphide give ? 



GROUP IV. 
Barium. 



1. Barium chloride and ammonium carbonate give? 

2. Barium carbonate and acetic acid give ? 

3. Barium acetate and calcium sulphate give ? 

4. Barium acetate and potassium pyrochromate give? 

5. Barium chromate and hydrochloric acid give ? 

6. Barium chloride and sulphuric acid give ? 

Strontium. 

1 — 3. As with barium. 

4. Strontium acetate and potassium pyrochromate. 

5. Strontium acetate and ammonium carbonate give ? 

6. Strontium carbonate and acetic acid give ? 

7. Strontium acetate and calcium sulphate give? 

8. Strontium acetate and ammonium sulphate give? 

Calcium. 

1 — 8. As with strontium. 

9. Calcium sulphate and ammonium oxalate give ? 



GROUP V. 
Magnesium. 



1. Magnesium chloride, ammonia and sodium phosphate 
give ? 

2. Magnesium chloride and barium hydroxide give? 
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Sodium. 

1. Flame color of sodium. 

2. Flame color of sodium and potassium. 

Potassium. 

1. Flame color of potassium. 

2. Chloro-platinic acid and potassium chloride give ? 

Ammonium. 

1. Chloro-platinic acid and ammonium chloride give? 

2. Efiect of heat on ammonium salts. 

3. Ammonium chloride and caustic soda give? 



REAGENTS. 

Dil. HCl. 1 : 4 by vol. Contains about 8.5 per cent. HCl. 
Dil. HNO3. 1 : 3 by vol. Contains about 20 per cent. HNO3. 
HNO3. For alloys 1 : 1 by vol. Contains about 40 per 

cent. HNO3. 
Dil. H2SO4. 1 : 5 by vol. Contains about 25 per cent. H2SO4. 
Acetic acid. Sp. gr. 1.04. Contains about 30 per cent. 

C2H4O2. 
H2S. Best from FeS and com'l HCl, diluted 1 : 1. 
Chlorine water. Keep in a bottle painted black. ' 

NaOH. 1 : 10. Allow to settle and siphon off. 
NH4OH. Sp. gr. 96. Contains about 10 per cent. NH,. 
Ba02H2. 1 : 20. Use hot water. 
Ca02H2. Digest slaked lime with water and filter. 
(NH4)2S. Pass the gas evolved from the action of 360 grams 

(200 cc.) of con. com'l H2SO4 properly diluted, upon 

an excess of FeS (calculated about 320 grams), into 

one litre of NH4OH. If yellow (NH4)2S is desired, 

add a little flowers of sulphur. 
Na2HP04. 1 : 10. Use cryst. salt and warm water. 
Na^COs. 1 : 2. Use cryst. salt and warm water, or 1 : 5, using 

the dry salt. 
(NH4)2C03. 200 grams '^ Am. Carbonate." ^ 

200 grams (209 cc.) NH4OH. I Digest m a closed 
800 cc. water. J ^^^^l^' 

(NH4)2C204. 1 : 25. Use warm water. 
(NH4)2S04. 1:10. 
NH4CI. 1 : 10. 
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(NH4)2C4H406 Dissolve 100 grams of tartaric acid in 250 cc. 

of NH4OH and dilute to one litre. The solution 

should be slightly alkaline. 
NH4C2H3O2. Add 100 cc. of acetic acid to 96 cc. of NH4OH 

and exactly neutralize with NH4OH or C2H4O2. 
(NH4)2Mo04. Dissolve 100 grams of MoOs in 400 grams 

(417 cc.) of NH4OH, filter and pour slowly with 

constant stirring into 1500 grams (1250 cc.) of HNO3 

of sp. gr. 1.20. Keep for several days in a warm 

place and decant or filter. 
KaCraOr. 1 : 10. Use warm water. 
K4FeCy6. 1:15. 
KCNS. 1:15. 

KCN. 1:5. Use cold water. Does not keep well. 
KsFeCye. The solution does not keep. Use the powder. 
KNO2. 1 : 4. Neutralize with C2H4O2. 
BaCl2. 1 : 10. 

BaCOs. Mix with about 10 parts of water. 
CaCl2. 1 : 5. Use the cryst. salt. 
CaS04. Saturated solution. 
MgS04. 1:10. 

FejClg. 1 : 10. Use the cryst. salt. 
Co(NOs)2. 1 : 15. Use the cryst. salt. 

FeS04. 12 grams cryst. FeS04. '] The solution will keep 
6 grams (N 114)2804. i well enough to use in 
2 cc. con. H2SO4. j tests for HNO3 for sev- 

100 cc. water. J eral months. 

AgNOs 1:40. 
Pb(C2H302)2. 1:20. 
PtCl. 1:50. 
SnCl2. Dissolve tin in cone. HCl, dilute with four volumes 

of water slightly acidified with HCl, and keep in a 

bottle containing granulated tin. 
Alcohol. 
Carbon disulphide. 
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DRY REAGENTS. 



KCIO.. 

K,FeC.N.. 

K,CO,+Na,CO. 4:3. 

KHSO,. 

KCN. 

Na,CO,. 

Na,BA +10 H,0 

NaNH,HP04+8 H,0. 

NH4CI. 



CaCO,. 

MnOa. 

Iron nails. 

Zinc. 

Platinum. 

Litmus paper. • 

Turmeric paper. 

Beeswax. 

Starch. 



TABLE OF COMPOUNDS. 
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TABLE OF COMPOUNDS. 



The table below gives the compounds of each metal which are formed in 
the course of an analysis. It may be followed as a guide in analysis by any 
one who is familiar with the details involved. It may also be of service to th" 
beginner in gaining a clear conception of the analytical processes. 
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HXO3 




Mercury (ous) 
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Copper . . . . 
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HNO3. Soluble in HNO3, in most cases insoluble, or 
HCl. Soluble in HCl, in many cases soluble in other 
"W. Soluble in water. 



slightly soluble in HCl. 
acids, also. 
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Solubilities. 
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W-A. Slightly soluble in water, soluble in acids. 
A-I. Insoluble in water, slightly soluble in acids. 
I. Insoluble in water and acids. 



THE AMERICAN SCIENCE SERIES. 



The principal objects of the series are to supply the lack — in 
some subjects very great — of authoritative books whose princi- 
ples are, so far as practicable, illustrated by familiar American 
facts, and also to supply the other lack that the advance of Sci- 
ence perennially creates, of text-books which at least do not 
contradict the latest generalizations. The scheme systemati- 
cally outlines the field of Science, as the term is usually em- 
ployed with reference to general, education, and includes 
Advanced Courses for maturer college students, Briefer 
Courses for beginners in school or college, and Elementary 
Courses for the youngest classes. The Briefer Courses are not 
mere abridgments of the larger works, but. with perhaps a 
single exception, are much less technical in style and more 
elementary in method. While somewhat narrower in range 
of topics, they give equal emphasis to controlling principles. 
The following books in this series are already published* 

THE HUMAN BODY. By H. Newell Martin, Professor in 

the Johns Hopkins University. 
Advanced Course. 8vo. 655 pp. 

Designed to impart the kind and amount of knowledge every 
educated person should possess of the structure and activities 
and the conditions of healthy working of the human body. 
While intelligible to the general reader, it is accurate and suffi- 
ciently minute in details to meet the requirements of students 
who are not making human anatomy and physiology subjects of 
special advanced study. The regular editions of the book contain 
an appendix on Reproduction and Development. Copies without 
this will be sent when specially ordered. 

From the Chicago Tribune: ** The reader who follows him through 
to the end of the book will be better informed on the subject of 
modern physiology in its general features than most of the mrdical 
practitioners who rest on the knowledge gained in comparatively an- 
tiquated text books, and will, if possessed of average good judgmenr 
and powers of discrimination, not be in any way confused by state* 
znencs of dubious questions or conflicting views." 
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THE HUMAN ^OW .^ContinueeL 

Briefer Coursei i2mo. 364 pp. 

Aims to make the study of this branch of Natural Science a 
source of discipline to the observing and reasoning faculties, 
and not merely to present a set of facts, useful to know, which 
the pupil is to learn by heart, like the multiplication-table. 
With this in view, the author attempts to exhibit, so far as is 
practicable in an elementary treatise, the ascertained facts of 
Physiology as illustrations of, or deductions from, the two car- 
dinal principles by which it, as a department of modern science> 
is controlled, — namely, the doctrine of the " Conservation of 
Energy" and that of the " Physiological Division of Labor." To 
the same end he also gives simple, practical directions to assist 
the teacher in demonstrating to the class the fundamental facts 
of the science. The book includes a chapter on the action upon 
the body of stimulants and narcotics. 

From Henry Sy^n ma.. Professor of Physiology, University of Michi- 
gan: "The number of poor books meant to serve the purpose of 
text-books of physiology for schools is so ^reat that it is well to 
define clearly the needs of such a work: I. That it shall contain ac- 
curate statements of fact. 2. That its facts shall not be too numer- 
ous, but chosen so that the important truths are recognized in their 
true relations. 3. That the language shall be so lucid as to give no 
excuse for misunderstanding. 4. That the value of the study as a 
discipline to the reasoning faculties shall be continually kept in view. 
I know of no elementary text-book which is the superior, if the 
equal, of Prof. Martin's, as judged by these conditions." 

Elementary Course. i2mo. 261 pp. 

A very earnest attempt to present the subject so that children 
may easily understand it, and, whenei^er possible, to start with 
familiar facts and gradually to lead up to less obvious ones. 
The action on the body of stimulants and narcotics is fully treated. 

From W. S. Perry, Supefintendent of Schools, Ann Arbor, Mich.: 
**I find in it the same accuracy of statement and scholarly strength 
that characterize both the larger editions. The large relative space 
given to hygiene is fully in accord with the latest educational opinion 
and practice; while the amount of anatomy and physiology comprised 
in the compact treatment of these divisions is quite enough for the 
most practical knowledge of the subject. The handling of alcohol 
and narcotics is. in my opinion, especially good. The most admira« 
ble feature of the book is its fine adaptation to the capacity of younger 
pupils. The diction is simple and pure, the style clear and direct, and 
the manner of presentation briirbi and attractive." 
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ASTRONOMY. By SiMON Newcomb, Professor in the Johns 
Hopkins University, and Edward S. Holden, Director of 
the Lick Observatory. 

Advanced Coursoi 8vo. 513 pp. 

To facilitate its use by students of different grades, the sub- 
ject-matter is divided into two classes, distinguislied by tlie size 
of the type. The portions in large type form a complete course 
for the use of those who desire only such a general knowledge 
of the subject as can be acquired without the application of ad- 
vanced mathematics. The portions in small type comprise ad- 
ditions for the use of those students who either desire a more 
detailed and precise knowledge of the subject, or who intend to 
make astronomy a special study. 

From C. A. Young, Professor in Princeton College : " I conclude 
that it is decidedly superior to anything else in the market on the 
same subject and designed for the same purpose.** 

Briefer Course. i2mo. 352 pp. 

Aims to furnish a tolerably complete outline of the as- 
tronomy of to-day, in as elementary a shape as will yield satis- 
factory returns for the learner's time and labor. It has been 
abridged from the larger work, not by compressing the same 
matter into less space, but by omitting the details of practical 
astronomy, thus giving to the descriptive portions a greater 
relative prominence. 

From The Critic: "The book is in refreshing contrast to the 
productions of the professional schoolbook-makers. who, having only 
a superficial knowledge of the matter in hand, gather their material, 
without sense or discrimination, from all sorts of authorities, and 
present as the result an indigesta moles^ a mass of crudities, not un- 
mixed with errors. The student of this book may feel secure as to 
the correctness of whatever he finds in it. Facts appear as facts, and 
theories and speculations stand for what they are, and are worth." 

From W. B. Graves. Master Scientific Department of Phillips 
Academy : " I have used the Briefer Course of Astronomy during the 
past year. It is up to the times, the points are put in a way to inter- 
est the student, and the size of the book makes it easy to go over the 
subject in the time allotted by our schedule." 

From Henry Lefavour. late Teacher of Astronomy, Williston Semi' 
nary: ** The impression which I formed upon first examination, that 
it was in very many respects the best elementary text-book on the 
subject, has been confirmed by my experience with it in the class- 
room," 
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CHEMISTRY. By Ira Remsen, Professor in the Johns Hop- 
kins University. 
Advanced Course. 8vo. 828 pp. 

The general plan of this work will be the same with that of 
the Briefer Course, already published. But the part in which 
the members of the different families are treated will be con- 
siderably enlarged. Some attention will be given to the lines 
of investigation regarding chemical affinity, dissociation, speed 
of chemical action, mass action, chemical equilibrium, thermo- 
chemistry, etc. The periodic law, and the numerous relations 
which have been traced between the chemical and physical 
properties of the elenients and their positions in the periodic 
system will be specially emphasized. Reference will also be 
made to the subject of the chemical constitution of compounds, 
and the methods used in determining constitution. 

Introduction to the Study of Chemistry. i2mo. 389 pp. 

The one comprehensive truth which the author aims to make 
clear to the student is the essential nature of chemical action. 
With this in view, he devotes the first 208 pages of the book to 
a carefully selected and arranged series of simple experiments, 
in which are gradually developed the main principles of the sub- 
ject. His method is purely inductive ; and, wherever experience 
has shown it to be practicable, the truths are drawn out by 
pointed questions, rather than fully stated. Next, when the 
student is in a position to appreciate it, comes a simple account 
of the theory of the science. The last 150 pages of the book 
are given to a survey, fully illustrated by experiments, of the 
leading families of inorganic compounds. 

From Arthur W. Wright, Professor in Yale College : — The student 
is not merely made acquainted wiih the phenomena of chemistry, but 
is constantly led to reason upon them, to draw conclusions from them 
and to study their significance with reference to the processes ol 
chemical action — a course which makes the book in a high degree dis- 
ciplinary as well as instructive. 

From Thos. C. Van Nuys, Professor of Chemistry in the Indiana 
University: — It seems to me that Remsen's "Introduction to the 
Study of Chemistry" meets every requirement as a text or class book. 

From C. Les Mees, Prof essor of Chemistry in the Ohio University: 
— I unhesitatingly recommend it as the best work as yet published for 
the use of beginners in the study. Having used it, I feel justified io 
sa.ving this much. 
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CHEMISTRY— G?«//««/^. 

Elements of Chemistry. i2mo. 272 pp. 

Utilizes the facts of every- day experience to show what chem« 
Istry is and how things are studied chemically. The language 
IS untechnical, and the subject is fully illustrated by simple ex- 
periments, in which the pupil is led by questions to make his 
own inferences. The author has written under the belief that 
"a rational course in chemistry, whether for younger or older 
pupils, is something more than a lot of statements of facts of 
more or less importance ; a lot of experiments of more or less 
beauty; or a lot of rules devised for the purpose of enabling 
the pupil to tell what things are made of. If the course does 
not to some extent help the pupil to think as well as to see it 
does not deserve to be called rational." 

Chase Palmer, Professor in the State Normal School, Salem, Mass.: 
• — It is the best intrbduciion to chemistry that I know, and I intend to 
put it into the hands of my pupils next Fall. 

A. D. Gray, Instructor in Springfield {Mass.) High School : — Neat, 
attractive, clear, and accurate, it leaves little to be desired or sought 
for by one who would find the best book for an elementary course in 
our High Schools and Academies. 

GENERAL BiOLOQY. By William T. Sedgwick, Professor 
in the Mass. Institute of Technology, and Edmund B. Wil- 
son, Professor in Bryn Mawr College. Part I. 8vo. 193 pp. 
This work is intended for college and university students as 
an introduction to the theoretical and practical study of bi- 
ology. It is not zoology, botany, or physiology, and is intended 
not as a substitute, but as a foundation, for these more special 
studies. In accordance with the present obvious tendency of 
the best elementary biological teaching, it discusses broadly 
some of the leading principles of the science on the substantial 
basis of a thorough examination of a limited number of typical 
forms, including both plants and animals. Part First, now 
published, is a general introduction to the subject illustrated 
by the study of a few types. Part Second will contain a de- 
tailed survey of various plants and animals. 

W. G. Farlow, Professor in Harvard University, Cambridge, Mass. : 
— An introduction is always difficult to write, and I know no work in 
which the general relations of plants and animals and the cell-struc- 
ture have been so well stated in a condensed form. 



8 THE AMERICAN SCIENCE SERIES, 

POLITICAL ECONOMY. By Francis A. Walker, President 

of the Massachusetts Institute of Technology. 
Advanced Coursei 8vo. 537 pp. 

The peculiar merit of this book is its reality. The reader is 
brought to see the application of the laws of political economy 
to real facts. He learns the extent to which those laws hold 
good, and the manner in which they are applied. The subject 
is divided, as usual, into the three great branches of production, 
exchange, and distribution. An interesting and suggestive 
"book" on consumption is added, which serves to bring in con- 
veniently the principles of population. The last part of the 
volume is given to the consideration of various practical appli- 
cations of economic principles. 

From Richmond Mayo Smith, Professor in Columbia College^ 
N. v.: — In my opinion it is the best text-book of poliiical economy 
that we as yet possess. 

From WoODROW Wilson, Professor in Princeton University, N. J.: 
— It serves better than any other bonk I know of as an iniroduciion 
to the most modern point of view as to economical questions. 

Briefer Course. i2mo. 415 pp. 

The demand for a briefer manual by the same author for the 
use of schools in which only a short time can be given to the 
subject has led to the publication of the present volume. The 
work of abridgment has been effected mainly through excision, 
althougli some structural changes have been made, notably in 
the parts relating to distribution and consumption. 

From Alexander Johnston, late Professor in Princeton Univer- 
sity, N,J.: — Using the "Briefer Course" as a lexi-book, suited 10 
any capacity, I am able at the same time to recommend the '* Ad- 
vanced Course " to those who are better able to use it as a book of 
reference, or more inclined to carry their work further. 

Elementary Course. i2mo. 323 pp. 

What has been attempted is a clear arrangement of topics; 
' a simple, direct, and forcible presentation of the questions 
raised; the avoidance, as far as possible, of certain metaphys- 
ical distinctions which the author has found perplexing; a fre- 
quent repetition of cardinal doctrines, and especially a liberal 
use of concrete illustrations, drawn from facts of common ex- 
perience or observation. 

HENRY HOLT & CO., Publishers, N. Y. 
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